
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



mal Re|»roduction and ^'^^ Organisation '^^ 
the Nucleus in C u Mildews. 



BY 



R. A. HARPER 




PubllslMj tl^ M>t W«St 



i^te 







m 


ii.*,^s^^K 




^^L| . UJirVEHSITY 


11 


"^ — ^^*^^Bf"^^^'*^ 


*■ - 1 





WlllP!BM!l'i'fflH!'''l^^ 



FROM THB LEBBAXT T>F 
PROF. GALVIir H. KATJFFMAN 



TMTrftnmifiTWffff 




(J". //- /tA**^^%.>u«.^ , 



Sexual Reproduction and the Organization of 
the Nucleus in Certain Mildews. 



BY 



r; aVharper 




^^t 



WASHINGTON, D.C.: 

Published by the Carneffie Institution of Washington 

September, 1905. 



CARNEGIE INSTITUTION OF WASHINGTON 
Publication No. 37 






I OP 

TNC HCNRr t. «VIUCIM niMTINO OO. 
WASHMSTON. 0. C. 






CONTENTS, 



> 



Page. 

Prbfacb .... 3 

Introduction 5 

Dbvblopmbnt of thb Pbrithbcium — 

The mycelium and the origin of oogonium and antheridium 8 

Fertilization 10 

rr^ Degeneration of antheridial wall and cytoplasm 12 

^ Development of the ascogonium and origin of the asci as binucleated cells. . . 15 

^ Secondary mycelium, appendages, and penicillate cells 21 

I Function of appendages and period of spore formation 24 

^ Morphology of thb Ascocarp — 

(^ .\ Review of recent work on the development of various Ascomycetes 29 

Dangeard 's conception of the gametophore 28 

Conclusions as to morphology of ascocarp and asci 29 

Special Nuclear Phbnombna — 

Relative size of nuclei and cells in the ascocarp 30 

Structure of nuclei and relations of central body and chromatin in gametes 

and ascogenous cells 31 

Nuclear fusion in ascus 36 

Sjmapsis, spirem, number of chromatin filaments 39 

Spindle formation, equatorial plate, and anaphases 43 

Formation of the daughter nuclei 46 

Second and third divisions 47 

Development of ascospores by free cell-formation 48 

Summary of relation of central body and chromosomes in the development 

of the ascocarp 52 

Thborbtical Discussion : 

Thb cbntral body in Phyllactinia — 

Polar organization of the nucleus 53 

Central body a permanent structure 54 

Pbrmanbncb of thb Chromosomes — 

The organization of the chromatin in resting nuclei and segregation of the 

chromosomes 56 

Individuality of chromosomes 57 

Review of data as to connection of chromosomes and centrosome 59 

The nuclear fusion in the ascus — 

Comparison with fusion in oogonium and in accidium of rusts 6z 

Doctrine of the nucleo-cytoplasmic relation 64 

Relation of assimilation and growth to cell and nuclear division 67 

Conclusions as to origin and nature of fusion in ascus 71 

Effects of development of conjugate nuclear division 72 

z 



2 CONTENTS. 

Page. 
Relations of Ascomycbtbs and Basidiomycbtbs — 

Evidence from binucleated cells for relations of rusts and Basidiomycetes. . . 76 
Resemblances in Ascomycetes and Basidiomycetes due to parallelism in func- 
tions 77 

Alternation of generations in higher fungi — 

Evidence from reduction phenomena and binucleated cells 79 

Correlation of triple division in ascus with two preceding nuclear fusions ... 81 

Relations of ascus, teleutospore, basidium, and tetrasporange 85 

Summary as to sexual reproduction and alternation of generations in higher 

fungi 86 

Index of Literature 88 

Explanation of Figures in Plates 92 



PREFACE, 



The organization of the resting nucleus and its relation to the proc- 

I esses of nuclear fusion and division are the main problems with which 
I have been concerned in continuing my studies on the mildews. The 
doctrine is commonly accepted that the chromosomes are in a special 
sense the physical basis of heredity, but their relation, especially in the 
resting nucleus, to the mechanism of cell division and to the centrosome 
is still undetermined. Tl^e yyjr^^pce for the so-called "^m^lijiduaUfy " 
Qj the chromosomes has been d eveloped almo st entirely from a studylof . 
J*?lL^P£?5r^£^lE mitosis.^ In Phyllactinia I have been able to show 
vithatThe material of each chromosome is in permanent connection with 
||the central body throughout the stages of nuclear fusion and the resting 
(condition, as well as in mitosis, thus affording an explanation of the 
means by which the permanence of the chromosomes is secured and 
throwing further light on the mechanics of nuclear division. The 
jiuclgy^is thus shown to liav#> a pprp^gp^nt ppi^^- Qrpr^niy^ijjj ; and the 
c entral byly is ^ perp ;^^yent structure in the cell which determines the 
point of special connection between the nuclear contents and the cyto- 
plasm in the mildews. The regularly recurring triple nuclear division 
in the ascus has been the most serious objection to the acceptance of the 
frequently proposed view that the ascocarp is a sporophyte and the 
ascus a spore mother cell. But with the facts of the nuclear history in 
P liYllfi^^'tiia here brought out, showing tha t each chromoson jfi I's a> Per- 
manen t unit thro ugh thej|rQQg§§,es of nuclear J^sion as 
and that synapsi s a ncf a numerical redu ction of th ^ chrop i osome num ber 
occur in the^ sgag, it K^rAtriPg pTai'n ifi^fiVit^ ^HP^*" rlj^'''''7U JBiit^S ^W W? ^^ 
a jiatural correlative of the occurrence o llyro nuclear fusionsjn^^j^lfi^de- 
v elopment of the ascocarp. The evidence thus becomes very strong that 1/ 
y we have a true alternation of generation in the Ascomycetes. In the 
light of the principle of the " nucleo-cytoplasmic relation " it is also 
evident that the size, method of development, and functions of the ascus 
all indicate that the nuclear fusion which occurs in it is a correlative of 
the general vegetative and growth processes involved in maintaining 
the nucleo-cytoplasmic equilibrium in a cell of such relatively gigantic 
size as the ascus. 

The presence of typically differentiated and fimctional sexual cells in 
Phyllactinia, together with the abundant evidence which has recently 
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4 PREFACE. 

accumulated, and is here summarized, as to their presence in other types, 
must be regarded as establishing the fact that the ascocarp originates in 
a sexual apparatus. Objections which are still urged by the opponents 
of De Bary's views are rather in the nature of complaints and denials 
than in the presentation of new facts. 

A most fertile source of confusion in the discussion of the relation- 
ships of fruit forms in the fungi has been the failure to make all com- 
parisons from the standpoint of a strictly phylogenetic morphology. 
Whatever excuse there may be for introducing physiological concep- 
tions into the formal classification of tissues in the higher plants, there 
can be no question that great confusion has arisen in the morphology 
of the fungi and algae from allowing considerations of functional 
equivalence or difference to mingle with and modify the conceptions 
. of what should be a strictly phylogenetic morphology. It may be a 
\ hopeless task — it certainly is not at present a very important or stim- 
ulating one — to attempt to determine with exactness lines of phylogenetic 
descent among such plastic forms as the algae and fungi ; but no other 
or lesser aim than this should be allowed to masquerade under the guise 
of morphology. Physiological data as to the functions and mechanics 
of cells and organisms are of far greater biological significance than 
those of phylogenetic morphology, but this is no reason for mixing the 
two or allowing such attempts as we may make at the arrangement of 
plant forms in evolutionary series to be vitiated by the introduction of 



purely functional criteria into the determination of our morphological 
classifications. The question, for example, whether a given organ is 
functional in its more primitive or in some modified fashion can have no 
bearing upon the determination of its morphological nature or rela- 
tionships. 

Comparisons must frequently be made and hypothetical morpho- 
logical categories established on data which are incomplete and can, 
perhaps, never be made complete, but a lack of data as to phylogenetic 
relationship can never be compensated for by evidence of functional 
equivalence or non-equivalence. The modem fields of causal and 
experimental morphology, developmental mechanics, etc., belong with 
the physiological rather than the morphological disciplines, and their 
results have the same bearing upon the classifications of phylogenetic 
morphology as have other physiological data. If there can be agree- 
ment that the various developmental stages and fruit forms of the fungi 
and algae shall be classified and named in accordance with what can be 
determined as to their phylogeny a number of disputed questions will 
disappear. 



Sexual Reproduction and the Organization of 
THE Nucleus in Certain Mildews. 



BY R. A. harper. 



INTRODUCTION. 

It is one of the best-established facts regarding mitosis that from / 
certain late prophase stages until the formation of the diaster a specially 
evident connection between the chromosomes and the spindle poles is 
maintained by means of conspicuous fibrillar structures. The existence 
of these apparent fibrillae is generally admitted even by those who accept 
a so-called dynamic theory of the central body as opposed to the concep- 
tion of contractile spindle and polar fibers. It is evident, also, that this 
connection influences, if not directly determines, the motions of the 
chromosomes and their separation into two groups to form the daughter 
nuclei. This is equally true for the cells of animals and plants and for 
cases of multipolar as well as bipolar spindles. 

Rabl was the first to point out that in the spirem, and even in the 
earlier resting-stages, some influence is exerted on the nuclear contents 
which gives a definite polar arrangement to the chromatic elements. 
This centering of the spirem loops on a polar field has come to be com- 
monly known as Rabl's (78) figure. The same arrangement of the 
spirem was found by Strasburger (88) in both the dispirem and the 
prophases of dividing plant-cells, and its regular occurrence has since 
been described and figured by numerous authors and for widely sepa- 
rated organisms. 

The discovery of the so-called attraction sphere and its relation to 
the karyokinetic figure by Van Beneden (6,7) gave a further impulse to 
the doctrine of polarity, both in the cell and nucleus, and in a further 
brief paper (79) Rabl accepted Van Beneden's conception of an attrac- 
tion sphere and gave a fuller statement of the doctrine that, not only 
during the process of division as shown by Van Beneden, but in the 
so-called resting stages, the whole structure of the cell and nucleus is 

Note. — Numbers inclosed in parentheses refer to the numbers in the litera- 
ture list at the end of this paper. 
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6 SEXUAL REPRODUCTION IN CERTAIN MILDEWS. 

centered on the polar body in the polar field of the cytoplasm. He 
described the nudeus as showing thus a polar and an antipolar r^on 
and its whole structure, including both chromatic and achromatic ele- 
ments, as permanently centered on a definite pole. Rabl further con- 
ceives the achromatic fibers of the resting condition as forming the 
spindle figure in karyokinesis, and thus the basis is given for a mechan- 
ical conception of division on the assumption of the contractility of the 
fibrillar elements of the nucleus and cytoplasm. 

Rabl's conception of the polar organization of the nudeus and of 
the mechanics of nudear division was adopted by Flemming and is 
given its fullest expression in his discussion of the mechanics of cell 
division in the tissue cells of the salamander (25, pp. 715-749). 

Boveri (10), on the ground of his observations on the ^;gs of 
Ascaris, opposed the doctrine of a persistent connection between tne 
chromatic elements and the centrosome, and maintained that a new con- 
nection between chromosomes and poles is established in the prophases 
of each succeeding cell division. With the development of the doctrine 
of the individuality of the chromosomes this question has gained still 
more fundamental importance, and in this connection I shall discuss, 
further on, the observations of some later investigators. 

My earlier work (38) on the dividing nuclei in the ascus led mc 
to suspect that a permanent connection of chromatin elements and cen- 
tral body exists in the mildews, and I have described and figged such 
a condition in certain resting stages of the nuclei. In extending my 
studies to the genus Phyllactinia I have found a more favorable form 
with somewhat larger nuclei and have been able to trace a continuous 
connection of centers and chromatin in both resting, fusing, and dividing 
nudd. 

Since various authors have expressed themselves as still denying 
or as doubtful as to the existence of diflFerentiated sexual cdls in the 
Ascomycetes and as to the consequent morphological relations of the 
ascocarp, I shall precede my special description of the nudear structures 
and processes with an account of the development of the sexual organs 
and the perithecium. I am convinced that on these much-vexed ques- 
tions of tiie alternation of generations, relations of Ascomycetes, Basidi- 
omycetes, red algae, etc., we shall only arrive at certainty by the most 
painstaking study of the nuclear structures and processes and especially 
the chromosome number at all stages of development, and I have 
returned to the mildews for a further contribution to this subject because 
in Phyllactinia I have found the most favorable ascomycete for the 
study of the nuclei which I have yet encountered. Phyllactinia is 
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undoubtedly the most highly specialized of the mildews and represents 
the culmination of the developmental tendencies found in the group. 
It is one of our most widely distributed mildews and has been repeat- 
edly the object of investigation from the standpoint of its general struc- 
ture and habits of life. Recently Salmon (82, p. 224) has investigated 
very fully the published species of the genus, and has concluded that 
we have but one polymorphic and cosmopolitan type. He adopts the 
name Phyllactinia corylea (Pers) Karst. 

Salmon (83, pp. 201-205) has also made very extensive and inter- 
esting comparative studies of the form of the peculiar penicillate cells, 
and concludes that the most extreme types of these cells are connected 
by a series presenting all possible intermediate variations in form. Palla 
(76) and Smith (86) discovered the interesting fact that Phyllactinia, 
unlike other mildews, is not strictly epiphytic, but sends branches 
through the stomata into the intercellular spaces of the mesophyl, pro- 
ducing haustoria ultimately in the cells at the base of the palisade 
parenchyma, and especially where nutrition is most abundant. Neger 
(68) has also corrected the erroneous view that the conidia are borne 
singly, instead of in chains as in other mildews, and has given very 
interesting data as to the operation of the spine-like appendages, which, 
by their hygroscopic motions, loosen and lift up the perithecia from the 
leaf of the host when they are ripe. 

Phyllactinia occurs on a considerable series of host plants. I have 
sectioned and studied especially material from the white ash (Fraxinus 
americana) , the hazel (Corylus americana), the bittersweet (Celastrus 
scandens), and the yellow birch (Betula luted). The material was 
fixed, immediately upon being gathered in the field, and its subsequent 
treatment was essentially the same as I have previously described. 
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DEVELOPMENT OF THE PERITHECIUM. 

The sexual apparatus in Phyllactinia arises in general as I have 
earlier described for Sphaerotheca (36) and Erysiphe (37). As a rule 
the ascocarps are more sparsely scattered than in either of the above 
genera, and the labor of bringing together a series of developmental 
stages is proportionally increased. As has been many times noted, the 
perithecia of Phyllactinia are regularly hypophyllous, a fact which has 
its explanation in the existence, as above noted, of interior mycelial 
branches which gain access to the mesophyl through the stomata of the 
host. This habit brings with it further a relatively slight development of 
the superficial mycelium, and hence the infected spots are, as compared 
with those of most mildews, extremely inconspicuous until the yoimg 
fruit bodies have grown large enough to be visible to the naked eye and 
have taken on the characteristic yellowish color of young, half-devel- 
oped mildew perithecia. At stages when fertilization is going on, the 
infected spot on the ash or bittersweet leaf is faintly visible as a slightly 
whitened region scarcely noticeable unless the leaf is held so that the 
light is reflected from its surface at a particular angle. In my experi- 
ence conidiophores are almost or entirely lacking, even in the earliest 
stages, on the mycelia which produce the most abundant perithecia. It 
should be said, however, that I have uniformly obtained my best material 
of this fungus in the autumn, and in regions where the fungus develops 
richly earlier in the season a greater abundance and prevalence of the 
conidiophores may be expected. 

It is, of course, well known that not all the perithecia on an infected 
spot develop simultaneously. In Sphaerotheca, as I have already de- 
scribed (36), there is a considerable peripheral growth of the mycelium, 
and the perithecia may be half-grown in the center of a spot while an 
abundance of the younger stages is still to be found on the periphery. 
In Phyllactinia, however, this is at least not so notably the case; the 
mycelium on an infected area seems to get almost its full development 
before the perithecia begin to appear, and they are then formed scatter- 
ingly, more or less, over the whole spot ; the later- formed fruits are thus 
mingled with the earlier. The most abtmdant fertilization stages in 
my experience are to be found on spots in which the earliest-formed 
perithecia appear as mere white specks under the magnifier and none 
are yet far enough developed to have begun to turn yellow. 
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The sexual apparatus is formed, as in other mildews, where two 
hyphae cross or He close beside each other, and we have thus the oogonia 
and antheridia arising as lateral branches from separate hyph^, though 
it seems fairly clear, from the circular shape of the infected spots in 
most cases in Phyllactinia, that both these hyphae belong to a single 
mycelium, which in all probability is the product of the growth of a 
single spore. 

The oogonium and the antheridial branch seem to arise simulta- 
neously, and they become closely applied to each other and begin to 
become slightly spirally twisted at once. The oogonium is thicker and 
heavier from the start and grows in length more rapidly also, so that it 
bends around the antheridial branch while the latter remains straighter. 
The oogonium may make one almost complete turn about the antheridial 
branch, which tends to stand rather vertically to the surface of the leaf 
(figs. 2, 3, lo). The oogonium is much thickened in the middle and 
may taper considerably toward both its base and apex (fig. i). It is 
densely filled with protoplasm and contains regularly a single nucleus 
(figs. I, 3-7) . It is cut off from the hypha, on which it arose as a lateral 
branch, by a cross-wall which is put in a short distance from its point 
of origin on the mother hypha. The mycelial cell from which the oogo- 
nium arises is generally of average length, and the oogonial branch may 
arise at either end or in the middle of such a cell (fig. 2) . 

There is no evidence of any special differentiation in the cell from 
which an oogonium arises, and the first division of the nucleus of such 
a cell furnishes one daughter nucleus for the gamete and the other for 
the cell of the mother hypha. The antheridial branch arises in the same 
fashion, but is slenderer at the start, and there is apparently no pushing 
up of the antheridial branch by the side of the already developed oogo- 
nium, as I have described for Sphaerotheca. Indeed, it seems as if the 
two branches were firmly attached at a very early stage and that this 
condition, combined with the more rapid elongation of the oogonium, 
leads to the bending of the latter around the antheridial branch. This 
stretching of the oogonium also bends the tip of the antheridial branch 
to one side and twists it slightly, so that it comes to lie on the upper side 
01 the end of the oogonium (figs. 3, 4, 5, S, 10), not forming a cap on 
its apex, as in Sphaerotheca. 

It is to be noted that the unequal tendency to spiral twisting in the 
sexual branches, together with their unequal size, produces a structure 
whose appearance varies considerably, according to the side and the 
angle from which it is viewed, as is well seen by comparing figs, i to 11, 
which serve to show the various possible aspects as well as the different 
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Stages of development of the sexual apparatus. It is not easy to bring 
out by shading the various bendings of the cells, as they can be fol- 
lowed by focusing up and down through the thickness of the section, 
and at the same time to show the contents of every part of each cell as it 
appears in median optical section. For the most part I have contented 
myself here, as in my earlier figures of Erysiphe, with fulfilling the 
second and, of course, the more important of the two requirements. 
Hence the figures, with the partial exception of 2 and 3, are to be 
regarded as representing projections of the outlines of the cells as they 
are followed by focusing up and down through the section, with the 
content of each cell as shown in median optical section. As a further 
result, the relative length of the cells in each section and in successive 
figures is not in every case correctly indicated. In a majority of cases 
the long axis of the oogonium tends to be parallel to the surface of the 
leaf or to rise slightly at its outer end, as shown in figs. 2, 3, 4, 10, while, 
as noted above, the antheridial branch is more nearly vertical to the 
leaf surface. Many exceptions to these relations are, however, to be 
found, as shown in the other figures of these stages. 

Fig. I shows a stage when the antheridial branch is not yet cut off 
from the hyphal cell from which it arose, and it contains a single nucleus. 
This nucleus divides, and a cell-wall is formed between the daughter 
nuclei, so that one of them becomes the nucleus of the antheridial 
branch and the other remains in the hyphal cell below (fig. 3). This 
cross-wall is put in quite constantly at the narrowed region where the 
antheridial branch is partially encircled by the oogonium (figs. 3, 10). 
The nucleus of the antheridial branch now divides, and one of the 
daughter nuclei migrates into the tip of the branch (fig. 4). The tip is 
cut off by a cross-wall and becomes the antheridial cell (figs. 5, 6, 7). 

At this stage no trace of the enveloping perithecial hyphae can be 
found. The whole apparatus consists only of the two gametophores 
and the gametes which have developed almost simultaneously and are 
thus sharply distinguished in the time of their development from the 
protective enveloping hyphal branches which come later. In Phyllac- 
tinia, as in Sphaerotheca and Erysiphe, the claim that the antheridial 
branch is to be interpreted as merely the first of the protective hyphae 
is negatived by its appearing almost simultaneously with the oogonium, 
while the protective hyphae arise much later and not singly, but in series 
around the base of the sexual branches. 

Fertilization occurs, as in Sphaerotheca and Erysiphe, by the break- 
ing down of the walls separating the protoplasts of the oogonium and 
antheridium and the fusion of the two protoplasts, and ultimately their 
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nuclei. Figs. 5, 6, and 7 show successive stages after the gametes have 
been differentiated and just before fertilization occurs. The oogonium 
especially grows in size, and both the egg and male nuclei also increase 
in size. At the time of fertilization the male nucleus is smaller than 
the egg-nucleus, but hardly, perhaps, to the same degree that the anther- 
idial cell is smaller than the oogonium. The c3rtoplasm of both gametes 
is quite free from reserve food g^ranules or other stainable inclusions at 
this stage. Some small bodies, staining red with the triple stain, and 
a good many small spherical vacuoles are present in the oogonium, as 
shown in the figures, but for the most part the c)rtoplasm is a fine- 
meshed, spongy mass, which appears pale-bluish or gray with the triple 
stain. The nuclei are very sharply and characteristically differentiated 
at this stage, and their structure will be described in detail later. The 
antheridium is closely pressed upon the oogonium a little to one side of 
and generally above the apex of the latter. Their walls in the region 
of contact are flattened upon each other and closely united. Every 
appearance is similar to those found in other cases of non-motile conju- 
gating cells among the algae and fung^. 

A portion of the walls between the antheridium and the oogonium 
is now dissolved in such a fashion as to form a circular conjugation- 
pore leading from the antheridium to the oogonium. The protoplasts 
of the antheridial and oogonial cells are thus brought into direct contact 
and combine to form a continuous protoplasmic mass (figs. 8, 9). The 
nucleus of the antheridium migrates through the conjugation-pore into 
the oogonium and approaches the ^;g-nucleus. The male nucleus is, 
at this stage also, somewhat smaller than the egg-nucleus. This inequal- 
ity in size is, however, by no means so great as is found in the pronuclei 
of many other plants and animals, in the early stages of the process 
of fertilization. Figs. 8 and 9 show cases in which the conjugation- 
pore is open and the male and female nuclei are side by side in the 
oogonium. In fig. 9 the male nucleus, as recognized by its smaller size, 
has moved past and appears on the side of the egg-nucleus farthest from 
the antheridium. 

It is evident that the conjugation-pore can be most easily found 
and studied in cases in which the plane of contact of the antheridium 
and oogonium cut the plane of the section at right angles, or nearly so, 
as is the case in figs. 9, 10, and 11. C^es in which the sexual cells 
present the aspects shown in figs. 6 and 7, in which the antheridium is 
more or less behind the tip of the o(^onium, are of course much less 
favorable for the discovery and study of the actual fusion of the cells. 
Still it is perfectly possible in well-fixed and clearly stained material to 
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demonstrate the conjugation-pore from this aspect also. Fig. 8 shows 
such a case in which the surface of contact of the gametes lies almost 
exactly in the plane of the section. The conjugation-pore appears here 
as a clean-cut opening in the floor of the antheridium. It is a perfectly 
clear, circular area, sharply distinguished from the bluish material of 
the cell-walls which surround it. This figure, in the region of the 
antheridium, represents an optical section lying in the plane of contact 
of the gametes, and the existence of an open pore from the antheridium 
to the oogonium is unmistakable. It is evident from the description 
given above that the shape and relations of the gametes are such that, 
with any possible orientation of the host-leaf to the plane of the sections, 
the aspects shown in figs. 6, 7, and 8 will be quite as common as those 
shown in figs. 9, 10, and 11. The necessity for finding this latter aspect 
of the gametes in order to demonstrate the process of fusion with the 
greatest ease is doubtless the reason why some observers have failed to 
convince themselves that a union of the gametes actually occurs. Fig. 9 
shows this latter aspect of the fusing-cells. The plane of contact of the 
gametes cuts the plane of the section almost exactly at right angles, and 
the conjugation-pore appears as an absolutely unmistakable open pass- 
ageway leading from the antheridium to the oogonium ; and the C)rto- 
plasmic contents of the gametes are seen to have fused to form a con- 
tinuous protoplasmic mass through which the male nucleus has migrated 
into the oogonium. The two pronuclei lie side by side in the oogonium 
and are readily distinguishable by their diflFerence in size. In this par- 
ticular case a vacuole lies just outside the conjugation-pore in the anthe- 
ridium, indicating, perhaps, a relative increase in the cell sap of the 
latter after the departure of the male nucleus. 

The entire contents of the antheridial cell does not enter the oogo- 
nium. In the old antheridium, after fertilization is complete there is 
considerable material which degenerates into a dense, structureless mass. 
In fact, it seems quite likely that here, as in many other cases, only a 
minimal amount, if any, of the cytoplasm of the male cell is actually 
taken up into the egg. The male nucleus apparently leaves the most, if 
not all, of its cytoplasm behind when it enters the egg. The cytoplasm 
of the antheridium is certainly less dense and is more vacuolar for a 
time after fertilization has taken place. A few deeply-stained granules 
are present in the antheridium while the conjugation-pore is still open 
(fig. 9) and are perhaps the first indication of the degeneration of 
its protoplasm. After the closing of the conjugation-pore they may 
become more numerous (fig. 10), but the antheridial cytoplasm keeps its 
spongy appearance for a time (fig. 11). Soon the whole of the cyto- 
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plasm becomes a dense, shrunken, highly stainable mass, as will be 
described in more detail a little later. 

It is to be noted that in Phyllactinia there is no lack of granular 
material in the disintegrating cytoplasm of the antheridium to represent 
a degenerating nucleus for one who, like Dangeard, has failed to find 
the real process of fertilization. Apparently the fusion of the pro- 
nuclei occurs in about the center of the oogonium. The fusion nucleus 
is slightly larger than either of the pronuclei (figs. 10, 1 1) and may show 
an increased density of its chromatin for a time (fig. 10). Details of 
the fusion-process and the union of the different parts of the pronuclei 
in the fusion-nucleus, so far as I have been able to observe them, are 
presented later in connection with my studies of the fusion of the nuclei 
in the ascus. After fusion the nucleus lies in the middle region of the 
oogonial cell (fig^. 10-12). 

The conjugation-pore leading from the antheridium into the egg 
cell is closed at once after the passage of the male nucleus (fig. 10) and 
the antheridial cell now undergoes some very interesting and character- 
istic degenerative changes which make it a most conspicuous object all 
through the earlier development of the ascocarp, and which in them- 
selves are conclusive evidence that it is a differentiated gamete-cell 
differing entirely in its nature from the cells of the perithecial envelopes. 
These changes consist in a swelling and change in composition of the 
antheridial wall and the shrinkage of the protoplast. Up to the time 
when the conjugation-pore is closed the antheridial cell-wall has been 
of the same thickness as that of its stalk cell and of the oogonium, and 
has showed no tendency to stain differently than the walls of these cells. 
With the triple stain the walls in these stages tend to stain pale blue. 
Very soon after the fusion pore is closed, however, the antheridial 
cell- wall begins to increase very markedly in thickness by swelling and 
undergoing what seems probably to be a mucilaginous degeneration 
(fig. 11). This swelling is all toward the interior of the cell. With 
the swelling of the wall the protoplast apparently shrinks together, still 
keeping, however, the general outlines of the cell. The surface layer 
of the cell-wall remains dense and sharply marked, and the antheridial 
cell as a whole maintains its contour quite unchanged or with a very 
slight sinking in of the walls, indicating diminished turg^dity. 

This swelling of the wall continues until its thickness is equal to 
one-fourth or more of the transverse diameter of the entire antheridial 
cell (figs. 12-20, 23, 24). The swelling is least in most cases on the 
cross-wall cutting off the antheridium from its stalk cell and greatest 
on its outer wall opposite the region in which it is pressed against the 
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oogonium. Commonly, especially in the earlier stages, the thickening is 
markedly less in the region of the closed conjugation-pore (fig. 13). 
This swollen wall, in preparations colored with the triple stain, shows 
a most pronounced affinity for the orange. In preparations given an 
exposure of only a few seconds to the orange this wall appears deeply 
and brightly orange-yellow in color, and forms a most conspicuous and 
sharply contrasted object in sections of all the younger stages of the 
ascocarp. The remains of the protoplast at first shrink to an irregular 
oblong body which, with the triple stain, usually appears red and is 
dense and structureless. Later this mass seems to grow less dense and 
loses its staining capacity, so that ultimately the cavity of the anther- 
idium appears quite empty, while it is still surrounded by the conspic- 
uous swollen wall. 

The degeneration of the remains of the antheridial cytoplasm is 
an interesting process in itself, and a comparison of its structure during 
the successive changes which it undergoes, with the structure of the 
adjacent perithecial cells, is interesting in several points. The most 
conspicuous change which it seems to undergo is associated with an 
apparent loss of water. The cytoplasm of the perithecial cells is loose 
and spongy in texture, with large spaces filled with watery cell-sap, 
while the non-stainable cell-sap seems to disappear g^dually from the 
antheridial c3rtoplasm, allowing the denser portions of the meshwork 
to draw together so as to form ultimately a homogeneous mass. Fur- 
ther, while the normal cytoplasm tends, with the triple stain, to be 
colored faintly g^y-blue, or slightly buffy with longer exposure to the 
orange, the contracted cytoplasm of the antheridial cell shows a pro- 
nounced affinity for the safranin, and when once stained red retains 
the color with great tenacity, so that the entire content of adjacent ceUs 
may be decolorized by washing in alcohol without noticeably affecting 
the appearance of the degenerating antheridium. The change in the 
protoplast here is similar in most points to that which I have already 
described (39) as taking place in the end cell of the promycelium of 
the anther-smut after the two basal cells have been joined by fusion- 
tubes. The end cell ordinarily dies under these conditions and its pro- 
toplast forms a dense red-stained mass like that of the antheridial cell, 
except that in the promycelial cell the nucleus can be distinguished for 
a considerable period, while in the degenerating antheridial cytoplasm 
no nucleus is present. The swollen yellow-stained walls of the anther- 
idial cell makes it a conspicuous object in sections of the perithecium 
in all its earlier development. The empty wall persists until the peri- 
thecium is half-grown, occupying a characteristic position toward the 
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base of the perithecium considerably to one side of its stalk and com- 
monly in about the third layer of cells from the surface of the perithe- 
cial wall. From the time of the completion of the process of fertilization 
and the closure of the conjugation-pore it is most conspicuously a dead 
cell, and its differentiation from all the later-formed perithecial protect- 
ive cells, both in function, structure, and fate, is one of the most con- 
spicuous facts that appears in any series of sections of the developing 
ascocarp of Phyllactinia, and is in itself sufficient to suggest the mor- 
phological relationships of the ascocarp. 

The fertilized oogonium in Phyllactinia begins its further devel- 
opment at once. The egg in this case is the oogonium, and the use of 
the term oosphere seems quite superfluous. We have no rounding up 
of the protoplast of the oogonium and separation from its wall to form 
an oosphere, as in Oedogonium or Vaucheria. Still, there is no ques- 
tion that the female cell in Phyllactinia corresponds entirely to that of 
Oedogonium ; and the fact that it does not round itself up is due to its 
habit of continued development as a cell of the mycelium which pro- 
duced it. It is set free from v^etative continuity with the mother 
plant in no respect. Whether it is to be regarded as the beginning of 
a new individual life history is a question which must be settled on 
other grounds than that of its being set free from the mother plant as 
an independent life unit. 

While the process of fertilization is going on, the protective branches 
which are to form the perithecial envelope push out from the stalk-cell 
of the oogonium and grow up about the two gametephores, applying 
themselves closely to their surface and following an irregular path, 
owing to the slight spiral twisting of the oogonium. In the figures I 
have put in only such portions of them as lay outside the outlines of the 
sexual apparatus. In Phyllactinia it is very conspicuous that these 
enveloping branches may and do arise from the stalk-cell of the anther- 
idium as well as from that of the oogonium (figs. 14, 17). Even 
before fertilization is complete the antheridial stalk-cell becomes much 
enlarged and is apparently in a very active vegetative condition (fig. 7), 
resembling that of the stalk-cell of the oogonium. After fertilization 
its condition is in striking contrast with that of the antheridial cell which 
was cut off from it. While the walls of the latter swell and apparently 
become mucilaginous, and its protoplast degenerates as described above, 
the stalk-cell continues to enlarge, its nucleus divides, and hyphal buds 
push out from its surface At the very first one or more hyphal branches 
push out just below the cross-wall separating the antheridium from the 
stalk-cell and grow up over the former (fig. 14), inclosing and covering 
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it and thus closing the apex of the ascocarp, though, as noted, because 
of the curved form of the oogonium, this region may not be vertically 
over the stalk-cell of the oogonium. The further growth of these and 
other hyphae from the antheridial stalk-cell plays an important part in 
the development of the perithecial envelopes, but the branches from the 
oogonial stalk and those from the antheridial stalk become so inter- 
mingled that it is not easy to distinguish them in later stages. 

While the first enveloping branches are pushing up from the stalk- 
cells the oogonium is also beginning its further development. From 
its function in the mature ascocarp we may call this product of the 
growth of the oogonium the ascogonium . This growth of the oogonium 
is essentially, as noted, the germinaOSirof a fertilized egg which, instead 
of being set free from the mother plant, continues in unaltered vegeta- 
tive connection with it. In its growth the ascogonium elongates and 
increases in diameter. At first, since the antheridial stalk-cell does not 
elongate and the end of the ascogonium is firmly attached to the anther- 
idium, the two ends of the ascogonium are held at about the same dis- 
tance apart as they were at the time of fertilization, and its growth 
results in a bulging out and increased convexity of its free middle por- 
tion. The suggestion given by sections of the growing fruits at this 
time is that of a mutual rivalry in growth between the ascogonium and 
the enveloping hyphae. The ascogonium tends constantly to burst out 
of the inclosing hyphae, which latter, by elongation and richly branch- 
ing, tend to inclose and cover it over its whole surface. 

Whether or not the inclosing h)rphae grow more slowly at first and 
actually exert pressure on the growing ascogonium, it is certain that 
the ascogonium becomes curved in a very irregular fashion at this 
stage. The sections (figs. 12-23) ^^e about 5 ft, thick, and the asco- 
gonium bends up and down in the thickness of the section in a fashion 
which would be difficult to represent without special shading, which 
would interfere with the representation of its protoplasmic content, etc. 
Hence, I have here, as in the earlier stages, disregarded in the drawings 
the vertical bending of the ascogonium, and have, by focusing up and 
down, shown it in median optical section as if projected in the plane of 
the section. This has resulted, of course, in making it appear some- 
what shorter than it really is, and as a further result, in cases of suc- 
cessive sections in which the ascogonium appears, its parts do not seem 
to fit together as they would if its actual windings were shown in the 
figures. Since, however, we are concerned only with the facts of its 
increased size, the multiplication of its nuclei, its division into cells, and 



DEVELOPMENT OF THE PERITHECIUM. 1 7 

ultimate branching to form the ascogenous hyphae, the representation of 
its exact form may be considered as a matter of secondary importance. 
With the first growth of the ascogonium in size the fusion nucleus 
divides and we have a binucleated stage, which is apparently rather 
long continued, lasting until the complete inclosure of the ascogonium 
by the enveloping hyphae (figs. 13-16). It is an apparently abundant 
stage and an easy one to study, since the fruits are now large enough 
to be readily found, and the greater part of the ascogonium and the old 
antheridial cell can frequently be found in a single section. The nuclei 
are as a rule symmetrically placed in the axis of the ascogonium. In 
Phyllactinia, according to my observations, cell division never follows 
this first division of the egg-nucleus. The ascogonium remains one- 
celled and its nuclei continue to divide. As to how many nuclear 
divisions may precede cell division I am not certain, but in ^fie end wp 
haveJFormed^j^w^gf froi^^ (figs. 17-22). The en4 ce^l of 

the ascogonium regularly contains one nucleus and remains attached 
to the olTa ntTiendIaITeir't8f15iyy^ finally the 

twolGre"cornmon]^Tio^ pressure of the surround- 

ing cells of the enveloping hyphae. Sometimes this separation may 
occur at quite an early period (fig. i8b). The old antheridial cell com- 
monly remains at a depth of about two or three cell layers from the 
surface of the perithecium, while the end of the ascogonium may 
become more deeply buried by growth of the perithecial hyphae around 

penultimat5'8he"or which regularly contains more than one nucleus. 

The next step in the development of the ascocarp consists in the 
formation of the so-called ascogenous hyphae. These arise as lateral 
branches from the ascogonium. Whether they all arise from a single 
cell of the ascogonium, as one might expect from analogy with Asco- 
bolus, or whether two or three of the upper cells may sprout out in 
branches, is not easy to determine. It is certain that some branches 
arise from the penultimate cell. The ascogenous h)rphae arise relatively 
early in the development of the ascocarp in Phyllactinia (figs. 22, 25a) 
at a time when the ascogonium is inclosed by only about two layers of 
perithecial cells. It is thus impossible for them to grow out vertically 
from the ascogonium for any great distance, and the result is that they 
lie flat on the cells of the ascogonium, crowding back the perithecial 
cells and overlapping and intertwining with each other so as to cover 
the whole upper part of the ascogonium. This makes it very difficult 
to trace a particular branch to its point of origin, especially since the 
walls of the cells are thin and their form distorted by the crowding of 
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the perithecial cells and the young ascogenous hyphae. The questions 
here involved are of interest as bearing on the relationship of the mil- 
dews with such forms as Ascobolus and Pyronema, but have no direct 
bearing on our interpretation of the ascogonium or the entire ascocarp. 
In view of Blackman's and Christman's remarkable discoveries in 
the rusts, noted further below, I have devoted special attention to the 
question as to whether in Phyllactinia, either in the ascogonium or the 
ascogenous h)rphae, binucleated cells may not be present. My results 
have been entirely negative. While occasionally a binucleated cell is 
found (fig. 2ia) in the ascogonium, it is even here uncertain whether 
a subsequent cell division may not separate these nuclei. The great 
majority of the cells are uninucleated. As just noted, the ascogenous 
hyphse in Phyllactinia, in whole or in large part, arise from the penulti- 
mate cell of the ascogonium, and this cell regularly contains several 
nuclei (figs. 19, 20, 21, 25a). The cells th at are to becop iije^asci contain 
two nuclei (figs. 28, 29). The remaining cells of both 1j\\^ a?9QgQ^^" "^ 

and the ^^iftgfnm& hyptouJlt^.lLrdLd!^''''^" 'J "^r'TX!^!^-^/^ ■-■^^'^- ^"^ 
without exce ption uninucleated (fig. 19-29)." ^his comes out very 
strikingly in the case of the old cells of the ascogonium and ascogenous 
hyphae, which are largely filled with a watery cell-sap (figs. 25^, 29). 

The enveloping hyphae of the perithecium continue to grow, and 
thus the protective envelope is enlarged. The ascogonium reaches 
its full development rather early in forming the row of cells above 
described, and then ceases to enlarge and remains lying in the basal 
portion of the growing perithecium (fig. 27). With the enlargement 
of the perithecium the ascogenous hyphae push up vertically and away 
from the ascogonium. It is quite plain from fig. 27, as also from a 
study of the earlier stages, that the ascogenous hyphae develop consid- 
erably before they become septate. Later, after cell division is com- 
plete, the asci are formed, either as lateral outgrowths from intercalary 
cells or from the terminal cell of an ascogenous h)rpha. In fig. 29^ we 
find the terminal cell developing as an ascus and also evidence of the 
repeated pushing out of the subterminal cells, though it is possible that 
this appearance is due to the formation of the entire branch before cell 
division occurred. In this figure the second cell appears empty of con- 
tents, but this is due to the fact that only a small portion of its base 
appeared in the section drawn, the remaining portion extending into 
the next section. In this case the two cells which are to produce asci are 
each binucleated, while the stalk-cells below are uninucleated. Quite 
possibly the cell division does not occur in the ascogenous hyphae until 
the stage when the young asci arc differentiated, and this g^ves full 
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possibility for special arrangements of the nuclei as to their distribution 
in asci and stalk-cells. Fig. 29a shows an ascogenous hypha in which 
the end cell is enlarged and is apparently destined to form an ascus, but 
contains only a single nucleus. I am inclined to think this is due to 
the fact that the cell in question is cut in two and that a portion of it 
should appear in the next section. In this particular case, however, I 
have been unable to find the second nucleus, and it is possible that we 
have here a case of a young ascus just cut oflF and containing only one 
nucleus. If this is the fact it is certainly to be r^;arded as a rare excep- 
tion to the nde that the yoimg ascus contains two nuclei when first 
formed. The cell below this in the same h3rpha contains two nuclei 
and is pushing out laterally and upward to form an ascus in the normal 
fashion. The third cell is plainly, from its lack of content, to remain 
sterile and contains a single, much smaller nucleus. It is evident that 
there is in Phyllactinia, as also in Erysiphe, no such regular process of 
forming an ascus from the penultimate cell of a curved lateral branch 
of an ascogenous hypha as one finds in Ascobolus, Pustularia, Pyro- I <; 
nema, and some other Discomycetes. 

The young ascus regularly contains two nuclei, and since, as noted, 
the ascogenous h)rphae are multinucleated before they are cut up into 
cells and their cells, which are to form asci, r^^larly contain two nuclei I 
from the time they are formed, there is no reason for supposing that ' 
the pairs of nuclei are daughter nuclei of the same mother nucleus ; but 
there is no such apparent method of preventing the inclusion of two 
sister nuclei in the same ascus as one finds in the Discomycetes men- 
tioned above. Certain cells of the ascogenous h)rphae which remain 
sterile contain only one nucleus, and this may be the reason for their 
failure to develop further. Still other cells of the ascogenous hyphae 
containing two nuclei are apparently prevented from developing by 
overcrowding, so that one can not conclude positively that the number 
of nuclei which it contains determines necessarily the fate of the cell 
of an ascogenous h)rpha. On the analogy with the Discomycetes it 
seems fair to assume^in the absenge^of j^,evid^^^ 
that the two nuclei in th ^yoPPg ag£i;g^^_T?ftt, «si<stpr nnrlpi, though 
there is again no reason for assuming in Phyllactinia that their relation- 
ship is a very distant one. The asci now elongate rapidly in a vertical 
direction, while the sterile cells of the ascogenous hyphst with which 
they are connected below undergo no further development. As a result 
these sterile cells and the old ascogonium come to lie further from the 
center of the perithecium and are more noticeably left behind, as it were, 
in the basal portion. The asci, on the contrary, continue to occupy a 
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central position. Their shape at this time is well shown in fig. 41. It 
is noticeable that they are thicker in their upper portion and taper con- 
siderably below. A comparison of figs. 53-56 with fig. 41 suggests that 
the vertical elongation of the asci has been mainly in this lower tapering 
region, which has been extended as a stalk-like prolongation connecting 
the upper thickened portion, in which — it is to be noted — lie the nuclei, 
with the sterile cells of the ascogenous hyphae below. This tapering 
stalk portion is never cut off by further cross-walls to form a true stalk- 
cell. A considerable portion of it thickens up later and the nucleus 
comes to lie much further down than in the present stage. There is 
always, however, in the mature asci an abruptly narrowed basal portion 
(see figs. 55, 56) where the ascus connects with the next adjacent cell of 
the ascogenous hypha. A basal stalk-cell is, however, never cut off 
from the lower end of the ascus. It remains always the entire cell of 
the ascogenous hypha, as it was formed when the hyphae became septate. 

The young asci are very closely inclosed from the start by the 
vegetative hyphae of the perithecium. At a time when the asci are 
scarcely differentiated and the division of the ascogenous hyphae into 
binucleated cells is scarcely complete the perithecium has the general 
structure shown in fig. 27. No differentiation of the perithecium into 
separate layers can be made out at this stage. There is no evidence of 
a radial growth of hyphal branches inward from the perithecial wall. 
The hyphae of the perithecial wall extend between the branches of the 
ascogenous hyphae so that the latter hardly come in contact with each 
other, but are separated and partly inclosed by hyphal branches which. 
from their subsequent development and differentiation, we may sup- 
pose — even at this early stage — :are nurse cells whic^h give up foo d 
stuffs to the ascojgeno u s cells a mong wh j cji jhey lie and which are des- 
tined toTperliorm the spore-bearing function. 

Median sections show the cells of the perithecium for the most part 
as oblong in section and apparently uninucleated. Tangential sections 
show, however, that at this stage they are in reality flattened polygonal 
plates and contain generally three, four, or even more nuclei. The 
original stalk-cell of the oogonium is shown in figs. 22 and 27 forming 
the center of support and attachment for the entire perithecium. The 
lower cells of the ascogonium extend upward from this stalk-cell and 
curve to one side in the base of the ascocarp. These cells are large and 
swollen in appearance. The ascogonium as a whole is never found 
lying in a single plane so as to appear entire in a single section. Gen- 
erally its path is so irregular and it has become so distorted by the press- 
ure of the perithecial cells that its successive cells bend back and forth 
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in a fashion very difficult to show in even a large drawing. Drawing 
the successive cells as they appear in one plane, as I have done, results, 
for example, in causing the second cell of the ascogonium in fig. 27 to 
appear very short as compared with the first and third. As a matter 
of fact, however, the second cell is as large as the first, but bulges out 
on the lower side, as the section lies, so as to appear for the most part 
in the next section. 

From the outer cells of the perithecium in its basal region hyphae 
have b^^un to sprout, which form a sort of secondary mycelium com- 
parable to the secondary mycelium of many Discomycetes (fig. 27). 
These hyphae grow out for a considerable distance and become inter- 
woven with the mycelial hyphae over the stomata. Whether they g^ve 
rise to internal hyphal branches with haustoria I have been unable to 
determine with certainty, as they are in no way differentiated from ordi- 
nary mycelial hyphae in appearance and their course is not easy to trace. 
There are good reasons, however, for doubting whether they ever pass 
through the stomata. The latter are crowded full, with all the entering 
branches which apparently can find room, long before the perithecia 
are sufficiently developed to g^ve rise to these secondary hyphae. It 
seems likely that the latter serve merely for the better attachment and 
support of the developing perithecium. The single stalk-cells of the 
oogonium and antheridium together certainly seem hardly adequate, 
from a mechanical point of view, for giving a firm and safe support 
for the relatively immense fruit body developed on them. In a section 
such as that shown in fig. 30 the asci seem already to lie at approxi- 
mately the same level in the ascocarp, and to be — for the most part, at 
least — in a horizontal layer slightly above the middle of the perithecium. 
Close examination and comparison of successive sections show, how- 
ever, that in reality the individual asci extend to quite unequal levels 
both toward the base and toward the apex of the perithecium, as would 
be expected from the irregular course of the ascogenous h)rphae from 
which they arise. At this stage the two nuclei of the young ascus have 
fused to form the primary ascus-nucleus of De Bary and Strasburger. 
The process of fusion is described fully below. 

In this stage of the development of the perithecium the old asco- 
gonium and the sterile cells of the ascogenous hyphae are scarcely rec- 
ognizable. The asci have grown to be swollen, oblong sacks and are 
pressed together and flattened upon each other in their middle regions, 
while the perithecial cells still press in between their ends. The nucleus 
of each ascus lies in its lower end and below this the ascus is narrowed 
sharply into a stalk. This stalk-like portion frequently does not lie in 
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the same plane as the body of the ascus, and hence does not appear in 
the section in which the body of the ascus is best shown. In fig. 30 the 
second and third asci, counting from the right, show the narrowed 
basal portion, and, as suggested, these figures do not show the body of 
the ascus so fully as those lying further to the left. 

At this stage the wall of the perithecium in Phyllactinia can be 
roughly differentiated into three layers. The outermost consists of a 
single layer of peripheral cells. From these cells in the basal region 
the secondary mycelial hyphae sprout as noted above. From this same 
layer in the equatorial region of the perithecium the spine-like append- 
ages with enlarged bulbous bases arise. These have not yet b^^n to 
develop at the stage shown in fig. 30. From the same peripheral layer, 
in a zone about the apical region of the perithecium, are developed the 
peculiar penicillate cells which have been so frequently the objects of 
study in recent years. The first beginnings of these outgrowths are 
shown in the swollen and protuberant form of certain of the peripheral 
cells in the upper portion of fig. 30, to the left. The outer layer of 
perithecial cells in Phyllactinia is especially active in growth. They 
remain thin-walled and show no tendency to become hardened and to 
dry out until the perithecium is nearly ripe. 

Beneath the peripheral layer is a zone several cells in thickness, 
which functions as a protective, mechanical, strengthening layer from 
a relatively early stage in the development of the perithecium. Its 
protoplasts contain large vacuoles and its cell-walls undergo a change 
apparently analogous to lignification. The cells appear as poor in con- 
/ tent and with specially strengthened walls. Inside this zone and next 
to the developing asci are several layers of cells richly filled with proto- 
plasm and with thin, apparently unmodified walls. These cells consti- 
tute a close packing about the developing asci and, as has been suggested, 
are very probably concerned with their nutrition, though it is difficult 
\ to bring positive evidence on this point. 

The later development of the perithecial walls consists simply in 
I further differentiation of the parts already indicated. T he peni< ;|11at<^ 
I cdls^already referred to are very easily studied in all stages of their 
development They arise, as noted, as blunt outgrowths of the periph- 
eral cells in a zone about the apex of the perithecium. They are either 
not developed at all, or are relatively small in the apical region itself. 
The cells which g^ve rise to them push up vertically to the surface of 
the host-leaf, rather than radially to the surface of the perithecium. 
They are at first blunt and unbranched projections from the peripheral 
cells (fig. 50) , but after they have reached a height equal to about twice 
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or three times their diameter they suddenly break up into a number of 
very fine, thread-like branches, which bud out from their upper ends 
and grow on up to a height about equal to that of the unbranched basal 
portion of the cell. This is the simplest type of these cells in the forms 
of Phyllactinia I have studied. Much more abundant are other types 
which, before breaking up into the ultimate thread-like branches, divide 
first into two or three main branches, which may be very unequal or 
approximately equal in size (fig. 51). As a rule this latter type of 
cells lies farther away from the apex of the perithecium, and hence, 
owing to its curved surface, must grow higher in order to bring the 
ends of the filamentous branches to a level with those of the more cen- 
trally placed brush cells. The penicillate cells beg^n their development 
some time after the fusion of the nuclei in the ascus is complete, and 
have completed their growth, as a rule, before the nucleus of the ascus 
begins to divide preparatory to spore formation. The penicillate cell is 
never divided, but remains throughout simply an enlarged and branched 
peripheral cell of the perithecium. It contains two or three nuclei, as 
a rule, before its special growth begins, and when fully developed may 
contain as many as eight or ten nuclei. These are always situated in 
the enlarged basal portion of the cell and never penetrate into the fila- 
mentous branches. They form generally an irregular, scattered group 
in the upper part of the basal portion of the cell (fig. 51 ) . 

As soon as, or even before, the penicillate cell reaches its full size 
the walls of the filamentous branches beg^n to swell and become gelati- 
nous. As a result they become fused together laterally to form the 
slimy mass crowning the perithecium which has been described by many 
authors. The wall and contents of the basal portion of the cells remain 
unchanged for some time (fig. 51), but g^dually it, too, is more or less 
involved in the degenerative processes, and almost the entire walls and 
contents of the penicillate cells are ultimately converted into a sticky, 
gelatinous mass. 

When the walls of the filamentous branches swell, their cell content 
is reduced to a mere granular thread except at the very apex, though 
earlier a well-marked prolongation of the protoplast with normal proto- 
plasmic appearance extended to the end of each branch. With the 
swelling of the wall this structure gradually deteriorates, though a g^ran- 
ular thread persists till a late stage to mark the original lumen of the 
branch. At the very apex the wall does not swell so strongly and the 
protoplast also persists as a small oval vesicle tapering below into the 
granular thread just mentioned (fig. 51). As a result the upper ends 
of the filaments are slightly enlarged and the surface of the slime mass 
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IS covered by a layer of these oval vesicles. It is possible that the vesicles 
burst and exude a slime more liquid than that of the deliquescent walls 
at the time when the perithecium is overturned, and thus aid in making 
more certain that it shall stick fast to any object which touches it In 
this gelatinous cap, when the perithecia are ripe, the hyphae of molds 
may frequently be found growing. The functions and adaptations of 
this slime-cap have been fully discussed by Ne^er (68 ), and I need 
not go into the matter further here. 

The appendages arise in a zone about the equatorial region of the 
perithecium as swollen cells of the peripheral layer. As has been many 
times described, in their mature condition they consist of a slender, 
straight spine with a very much enlarged bulbous base. They grow 
horizontally outward in a bristling phalanx about the middle of the 
fruit body. As it ripens they bend downward and, pressing on the leaf 
surface, lift the fruit up, tearing it loose from its stalk and the second- 
ary mycelial filaments described above. It is thus set free to fall or be 
blown by the wind until it strikes and adheres to some object by the 
mucilaginous cap described above. As a matter of fact, what seems 
frequently to happen is that the perithecium simply rolls over and 
remains sticking wrong side up on the same leaf on which it grew. 

The walls of the appendages very early become hardened and 
brittle, so that they break up in cutting, and it is not common to find 
good entire longitudinal sections of them in microtome preparations. 
Still, their structure is very clearly shown. They contain an apparently 
living protoplast until late in the ripening of the perithecium. As a 
rule they have only one or two nuclei. It is quite common to find the 
single nucleus lying, not in the bulbous base, but somewhere in the basal 
region of the spine. The cytoplasm consists of a thin lining layer just 
inside the wall and large vacuolar cavities filling the greater part of the 
bulb and extending into the spine. The thickening of the wall is char- 
acteristic and especially adapted for producing the motions of the 
appendage, as noted above. The spine is thick-walled throughout, its 
apex being without a lumen for some little distance. The bulb is thick- 
walled over its upper surface, but on the under side there is an oval 
region whose wall has remained thin. This thin area extends up on 
the sides of the bulb also. The functioning of the structure so formed 
is very simple. As the perithecium loses water— dries out in beginning 
to ripen — ^the appendage loses water also by evaporation. This results 
in a pushing in by atmospheric pressure of the thin area on the bottom 
of the bulb and a consequent pulling down of the end of the spine as 
a result of the shortening of the under surface of the bulb. If the 
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appendage is allowed to absorb moisture again it will straighten out, 
and by drying again the bending may be repeated. Neger (68) 
describes the repetition of the process a number of times as a result of 
alternately moistening and drying the perithecia. The protoplast is 
apparently living in the appendages of Phyllactinia till late in the ripen- 
ing, at least till after they have performed their function in breaking 
the perithecia loose. Neger's (69) experiments on old, dead perithecia, 
in which he found the appendages still capable of executing their 
hygroscopic motions, would seem to show that the living protoplast 
is not essential for their proper functioning. The small number of 
nuclei in the spinous appendage as compared with that in the actually 
much smaller penicillate cell is notable and may perhaps be connected 
with the difference in function of the two types of outgrowths. The 
work of the penicillate cells is largely chemical in the formation of the 
mucilaginous cap ; that of the spinous appendages is largely mechanical I 
in the bending motions they execute in tearing the perithecium loose 
from its attachments. 

With the full maturity of the perithecium the development of the 
spores in the asci begins. As a matter of fact, in sectioned material one 
almost never finds spore formation beginning until after the perithecia 
have broken loose from their original position and are lying wrong side 
up and attached by the mucilaginous cap described above. It is pos- 
sible, of course, that many perithecia may be overturned prematurely 
in the processes of fixing, etc. Still only those in which the brush cells 
have formed their mucilage will become fixed to the leaf and so appear 
in the sections. The number of asci in a perithecium varies from 12 to 
25. Median sections through the perithecium show sections of from 
3 to 5 or 6 asci. The bursting of the perithecia and asci and the germi- 
nation of the ascopores have not been observed for Phyllactinia, so far 
as I am aware. 
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MORPHOLOGY OF THE ASCOCARP. 

Considerable further evidence that the ascocarp originates in a 
functional sexual apparatus has accumulated in recent years. Miss 
Dale ( i8) has shown conclusively that a fusion of gametes occurs at the 
origin of the ascocarps of Gytnnoascus Reesii and Gymnoasctis candi- 
dus, and concludes that the normal method of origin of the fruit bodies 
of the Gymnoascaceae and their related forms is by the union of two 
cells of more or less widely separated origin. Monascus is a very inter- 
esting object of investigation and its affinities have been quite variously 
interpreted. Barker's (3) complete and consistent account and the 
more recent briefer one by Olive (72) agree in describing the origin of 
the asci from ascogenous hyphae and an ascogonium, so that we may 
probably conclude that it belongs among the Ascomycetes. Barker, 
Ikeno, and Olive maintain the existence of a sexual cell-fusion, while 
Kuyper (55, 56) and Dangeard (20) deny that any such process occurs. 

Ikeno's account of two successive free-cell formations in the asco- 
gonium seems highly improbable, though Kuyper agrees with him on 
this point. Neither Ikeno's nor Kuyper's figures are, however, con- 
vincing, and to establish the existence of a process of forming asci or 
spore mother cells, as well as ascospores, by free cell-formation cer- 
tainly demands the presentation of a detailed account with good figures* 
of the stages involved. If the asci or "spore mother cells" of Monascus 
are formed by free cell-formation, it is certainly evidence against its 
close relationship with the Ascomycetes. Ku)T)er believes it should be 
made the representative of a new family, the Endascineae, connecting 
the Ascomycetes to the Oomycetes. Ikeno probably calls these bodies 
" spore mother cells " on an assumed analogy between them and the 
cells formed by free cell- formation in Taphridium, to which Juel (51) 
has given this name. It is to be remembered, however, that these "spore 
mother cells " of Taphridium form spores not by free cell-formation, 
but by ordinary division. It is hard to see how Ikeno's account of 
spore formation gives any basis for his conclusion that his Monascus 
has relations with the other so-called Hemiasci. Ku)rper indulges in 
some very sharp criticism of the lack of homogeneity of this group, 
which is doubtless justified, though we are more in need of new facts 
about the forms in question than of a priori criticism. Still later papers 
by Barker (4) reaffirm the correctness of his account of the reproduc- 
tion of Monascus and add a preliminary account of sexual cell fusion 
in the development of the ascocarp of Rhyparobius. In this form we 
find a fusion of gametes with several nuclei. The ascogonium develops 
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as a several-celled structure from which the ascogenous hyphae arise. 
We have thus a fusion of gamete cells in another typical discomycete. 

Baur (5) has added a further valuable contribution to his studies 
on the development of the apothecia of the lichens, in which he estab- 
lishes the existence of carpogonia and trichogynes in a further series of 
forms. Especially interesting is the demonstration of carpogonia and 
trichogynes on the margins of the podetia of Cladonia, which corrects 
the mistaken, though generally accepted, conclusion of Krabbe that the 
entire podetium is homologous with an apothecium. Baur also shows 
that Wahlberg's recent conclusion that in Anaptychia the paraphyses 
arise from the ascogenous hyphae is incorrect. The hyphae which sprout 
from the carpogonium never form paraphyses. Baur also adds another 
form, Solorina, to the list of lichens which seem plainly apogamous. 
The lichens bid fair soon to become, if they are not already, the best- 
known group of the higher ftmgi as to the actual facts in the develop- 
ment of their fruiting organs. 

Claussen (16) has also made a most interesting and important con- 
tribution to our knowledge of the ascocarp as a result of very carefully 
conducted studies on a new species of Boudiera. By growing the f tmg^s 
in appropriate cultures he was able to follow the development of the 
sexusd apparatus and the fusion of the gametes in living material. The 
apothecium of Boudiera takes its origin, like that of Pyronema, from 
several pairs of gametes. The antheridium and oogonium are spirally 
coiled together, and a trichogyne cell is cut oflf from the apex of the 
latter. As in Pyronema, the fusion-pore between the antheridium and 
trichogyne is more permanent, while the disappearance of the wall 
between the trichogyne and oogonium is transient and much more diffi- 
cult of observation. Claussen did not find this opening in sections, but 
was able to determine the transitory disappearance of the wall between 
the trichogyne and oogonium in living material. The ascogenous hyphae 
arising from the ascogonium seem each to produce but one ascus which 
is typical in all respects in its development. We have thus a further 
case of an ascocarp which arises from a compotmded sexual apparatus. 
As Claussen points out, such discoveries as these will furnish data for 
a much more satisfactory arrangement of the groups of the Ascomy- 
cetes than is yet possible. 

Juel (52) has given a most interesting account of the nuclear phe- 
nomena in the fertilization of Dipodascus. The gametes are multinu- 
cleated, but only a single pair of nuclei fuse. By division of the fusion- 
nucleus the spore-nuclei are formed. In view of Dangeard's attempt 
to homologize each ascus of the higher Ascomycetes with a supposedly 
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apogamous fructification of Dipodascus, it is interesting to note that 
Juel insists that the spore-sac of Dipodascus corresponds to the entire 
cell complex which arises from a fertilized carpogonium. The nuclear 
fusion in Dipodascus corresponds to the sexual fusions in the carpogo- 
nium and not to those in the asci. This is the view adopted by Wager 
(97), and in his more recent discussions Dangeard (21) has given up 
his earlier position, since plainly the individual asci in his fig. 5, p. 55, 
do not correspond to the fructifications shown in fig. 4, p. 154. With 
this the contention that the ascus is an egg becomes still more incon- 
sistent. In adopting this latest conception that the ascogonium and 
ascogenous hyphae constitute a g^metophore derived by growth and 
branching from a gametangium which has ceased to produce motile 
gametes in adaptation to a terrestrial habit, Dangeard admits De Bary's 
contention that the ascocarp is a unit morphol(^cally comparable in its 
initial stages to one or more pairs of oogonia and antheridia. He thus, 
in reality, rejects his earlier conception that each ascus is an egg and 
morphologically the equivalent of a hypothetical parthenogenetic fruit- 
body of the lower fungi or algae. Dangeard now inclines to the view 
that the ancestry of the Ascomycetes is to be sought in the Oomycetes ; 
and the real conclusion from his argument, admitting his premises, is 
that the ascogonium and ascogenous hyphae are vegetative outgrowths 
from a parthenogenetic egg and that the ascus is a new structure in 
which this vegetative development ends. 

Dangeard (21) maintains that he can not find the stage when fusion 
takes place in Pyronema, but negative evidence on a point of this kind, 
when unaccompanied by positive results as to further details of cell and 
nuclear structure and behavior, are of little value. Meanwhile, we may 
be sure that morphologically, in its relation to the fruiting bodies in 
other groups of fungi or algae, the ascocarp is to be interpreted as origi- 
nating from a sexual apparatus. This fact will not be altered by the 
discovery of forms in which, by apogamy or parthenogenesis, the sexual 
cells have either been modified in form or become functionless. 

I am unable to find anything in the discussions of Dangeard to 
invalidate the conclusions which I reached in a former paper (40) as 
to the morphology of the ascocarp. Further, the positive results briefly 
summarized above— obtained, as they are, by different workers and on 
widely separated forms — certainly favor the conclusion that the sexual 
organs of the Ascomycetes are regularly functional ; and when we con- 
sider the difficulties involved in actually working out every stage in the 
development of an ascocarp from its earliest inception, it is not sur- 
prising that our knowledge has not advanced more rapidly. 
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Dangeard persists in professing himself quite indifferent to the 
existence of antheridia and oogonia as the initial cells of the ascocarp, 
if only they be not functional at the present time ; but one can hardly 
believe him so lacking in penetration as not to realize that so long as 
the Ascomycetes are regarded as a monophyletic group the establish- 
ment of the existence of antheridia and oogonia as the initial cells of 
the ascocarp settles at once, and finally, the old question of the sex- 
uality of the group in favor of the views of De Bary and his school 
and against those of Brefeld — and this, too, without any regard to the 
question as to whether these sex cells are functional or not. Interesting 
evidence on this point is shown in the attitude of the present adherents 
of the views of Brefeld (57), who are solely interested in the question 
whether archicarps, pollinodia, etc., are really sexual cells, and appear 
relatively indifferent as to the existence of the fusions in the asci. No 
one can reasonably doubt that the antheridia of the Saproleg^iaceae are 
sexual germ-cells, regardless of the question as to whether they are 
functional at the present time. The proof brought by Trow (95) that 
a fusion of cells and nuclei occurs at the present time is confirmator>' 
evidence of their sexual nature, but it is in no way necessary for their 
correct morphological characterization as compared with corresponding 
structures in other groups of algae and fungi. It was the supposed 
similarity of De Bary's antheridial branch in the mildews to the later- 
developed perithecial branches which was a justification for doubt as 
to its morphological nature and made it necessary to show that it was 
a functional male branch in order to establish its morphological char- 
acter. Could De Bary have brought such evidence of the special differ- 
entiation of its walls and its fate in the developing perithecium as can 
be found by modem methods in Phyllactinia, in addition to the facts as 
to its origin, position, etc., we can hardly imagine that its sexual nature 
would ever have been doubted, regardless of whether it was shown to 
be functional at the present time. The ascus is in its origin a new 
structure, the outgrowth of ascogenous hyphae and ascogonium, and 
the fusion of nuclei which occurs in it, whatever may be its physiological 
nature, is not homologous with the fertilization of the egg out of which 
the ascogonium develops. It is thus fairly established and admitted 
that the " macrocysts and paracysts " of Pyronema and the " archicarp 
and pollinodium " of the Erysipheae and other Ascomycetes are to be 
compared morphologically to the gametangia and oogonia and anther- 
idia of other fungi and algae, and that the ascogonium, ascogenous 
hyphae, and asci are new structures gradually developed in the evolu- 
tion of reproductive processes, just as are the gonimoblasts and carpo- 
spores of the red algae. 
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SPECIAL NUCLEAR PHENOMENA. 

Phyllactinia is especially favorable for the examination of the 
structure of the nuclei and their fusion and division in the ascogenous 
hyphae and asci. The large number of asci formed in each ascocarp 
makes it possible to readily obtain large numbers of the nuclei in all 
stages of their development. The young perithecia of Phyllactinia 
also, in most of their stages, seem especially favorable for fixation, so 
that the nuclear figures in the sexual cells, the ascogenous hyphae, and 
young asci are differentiated with exceptional distinctness and clearness 
of detail. As a result, certain structures which could be made out 
only at particular stages and without full details in Erysiphe can be 
found at every stage of nuclear development in Phyllactinia. I have 
described (38) for Erysiphe a peculiar and characteristic attachment of 
the chromatin of the nucleus to the central body, giving the nucleus a 
characteristic polar rather than a radial structure. This condition is 
very conspicuous in the young daughter nuclei in the ascus of Erysiphe. 
In Phyllactinia the nuclei throughout the entire plant, in both the 
mycelium and ascocarps, show this characteristic relationship of the 
chromatin and the central body; and in the ascogenous hyphae and 
young asci a very definite t)rpe of orientation of the chromatin threads 
as a cone or partial aster extending from the central body into the cavity 
of the nucleus is conspicuous. This persists through the fusion stages 
in the ascus as well as through division and the resting-stages, and the 
central body is thus shown to be a permanent structure through the 
whole life history of the mildews. 

I shall continue, as in former papers, to call this structure a central 
body rather than to use the term centrosphere or centrosome. I do this 
not to indicate that I consider this body in the mildew as different from 
apparently similar structures found in the karyokinetic figures of other 
plants, but merely because I prefer the more general descriptive term 
rather than a more technical one, since the bodies in question are still so 
variously described by the different authors who have worked on them. 

It is a conspicuous and important fact that the nuclei and cells of 
the mildews undergo extreme variation in size in the course of the 
development of the fungus, and in general it is plain that the nuclei are 
larger in the larger cells. Before proceeding with the description of 
the organization of the nucleus I shall briefly summarize the facts as 
to this variation, since, as we shall see later, these facts may have an 
important bearing on the interpretation of the nuclear fusion in the ascus. 
The nucleus of the oogonium is considerably larger (fig. 7) than the 
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ordinary hyphal nuclei. The nuclei of the stalk cells of both oogonium 
and antheridium, from which the protective hyph^e are to sprout, are 
frequently larger (figs. 7, 10), at least at the stages when the formation 
of the perithecium is about to begin, than those of the ordinary hyphal 
cells, though not as large as the nucleus of the oogonium. As in many 
other cases, the male nucleus is r^;ularly smaller than that of the egg, 
just as the antheridium is smaller than the oogonium (figs. 5, 6, 7, 8, 9). 

After fertilization, with the growth of the ascogonium its nuclei 
become still larger, and in the young ascus the pair of nuclei which fuse 
are conspicuously larger than any that have preceded them (figs. 31-33), 
and the product of their union, the primary nucleus of the ascus, is one IJ 
of the largest nuclei to be found among the fungi (figs. 48, 49). It is U 
m uch larger than the nuclei o{ ^\\f, ^-f ffe nr»ti^ ^^^f nn whiuh thti mildr^ jj 
grows. Its diameter is about 10 /a as compared with a diameter of 2 /* 
in tTiTTiyphal nuclei. This large size of the primary nucleus of the 
ascus may well be regarded as correlated with the large size of the ascus 
itself. Roughly, the volume of the nucleus of the ascus seems to stand 
in a similar proportion to the volume of the entire ascus as the volume 
of a hyphal nucleus does to the cell which contains it. The cells of the 
full-grown perithecium contain several nuclei which are rather smaller 
than those of the mycelial cells, which are regularly uninucleated. 
When the primary nucleus of the ascus divides, the daughter nuclei are 
certainly not more than half as large (fig. 62) as the parent nucleus. 
The size of the nuclei produced in the second and third divisions is also 
proportionally reduced, and finally the nuclei of the ascospores are of 
about the size of the ordinary nuclei of the young perithecium (fig. 79). 
There can be no doubt that we have here a definite correlation between 
nuclear and cytoplasmic masses, such that the larger cells contains 
proportionally larger nuclei, and we have thus an illustration of thai 
principle of the nucleo-cytoplasmic relation developed by R. Hertwigji 
Gerassimoff, and Boveri. 

The nucleus of the oogonium is, as noted, considerably larger than 
those of the vegetative hyphae. The oogonial cytoplasm is quite dense 
and shows a fine, closfe, spongy structure (fig^. 1-7). The central body 
of the oogonial nucleus is a conspicuous, well-differentiated, disk-shaped 
granule (figs. 4, 5, 7) lying close on the surface of the nuclear mem- 
brane and generally occupying a slight depression in it. The arrange- 
ment of the chromatin content of the nucleus can not be so clearly made 
out at this stage as at later stages in the larger nuclei of the ascogenous 
hyphae and the asci ; still it is perfectly plain, in every case in which the 
plane of the section permits a profile view of the structure, that the 
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chromatin is in intimate connection with the central body (figs, i, 3, 4, 
5, 7), and in specially favorable preparations (figs. 4, 7) it is clear that 
there are strands in the chromatin reticulum which radiate back from 
the central body into the cavity of the nucleus, forming an intranuclear 
system almost like an aster whose rays appear quite straight and definite 
in many cases, though they are connected by transverse fibrilbe and lose 
themselves in a more indefinite granular reticulum in the region oppo- 
site the central body. The nucleus has plainlv. at this sta ge, a unipolar 
structure, and the chromatin is definitely oriehteH^ with reference to the 
central body. Following Rabl's terminology, I shall speak of that part 
of the nucleus which is antipodal to the central body as the antipolar 
region and the region about the central body as the polar region. 

The nucleus of the oogonium has regularly a single oval or spher- 
ical dense homogeneous nucleole (figs. 1-7), which commonly lies some- 
where in the antipolar region, but may frequently lie close to the central 
body, crowding aside the chromatin elements. 

The nucleus of the antheridial cell is still smaller prior to fusion 
than that of the oogonium ; still its central body is sharply differentiated 
and the chromatin is plainly connected with it (figs. 5, 6). It has also 
regularly a single nucleole. The structure of the nucleus of the anther- 
idial stalk-cell and of the other vegetative nuclei agrees with that of the 
sexual cells (figs. 4, 5, 7). Frequently the hyphal nuclei are oval or 
more elongated, and may be drawn out to a point on which the central 
body sometimes lies. (Compare figs. 24 and 14). After its migration 
into the oogonium the antheridial nucleus enlarges and the two pr< 
nuclei are each plainly seen to be provided with central bodies at a stage 
just before they fuse (fig. 9). The fertilized egg-nucleus also shows 
a single conspicuous center (figs. 10,11, 12), and it seems probable that 
it has been formed by the combination of the centers of the pronuclei. 
It is also prob able that th i?^ gfifltral ^^^^ of the fertilized eg^- 
nucleus is actually double ^ ^s Cjompared ^ith those of the pronuclei, since, 
as we shall see later, we have strong evidence of the permanence of the 
chromosomes as cell structures, and a nuclear fusion should hence pro- 
duce a nucleus with a double number of chromosomes, each of which 
would have an indeperident^KacFment to^^ But I have 

not been able to obtain a sufficient series of preparations at this stage 
I to be able to trace the process of the combination of the chromatin and 
^ J centers in this fusion, nor to determine the number of chromosomes in 
I the next succeeding division. The fertilized egg-nucleus regularly con- 
1 tains a single, rather large nucleole (figs. 10, 12), which, it seems prob- 
l able, is also formed by the fusion of the nucleoles of the pronuclei. 
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With the growth of the ascogonium the egg-nucleus divides and the 
daughter nuclei become successively larger with the increasing size of 
the cells^ln which th^ ITiis growth confinues till 'flieascogoiiTum "" 

"anJ^ascogenous hyphae reach their full development, as described above. 

The nuclei appear at this stage in pairs in all the cells of the asco- 
genous hyphse which are destined to produce asci (figs. 28, 29, 31-33). 
The question as to the probable relationship of these nuclei has been 
discussed above. There is no such arrangement for preventing the4 
inclusion of sister nuclei in the ascus as I have described for Pyronemal 
(40). On the other hand, the ascogenous hyphae are multinucleated 
before cell division occurs, and there is no direct evidence that the 
nuclear pairs are formed by the division of a single nucleus. 

The structure of these larger nuclei (fig^. 31-33) appears to be the 
same as that of the sexual nuclei just described, but owing to their 
greater size the details can be made out with g^reater definiteness. The 
relations of the central body and nuclear content come out much more 
sharply, and it is possible to count with some certainty the number of 
chromatin strands which extend into the nuclear cavity from the central 
body. The nucleole stains bright red with safranin and is frequently 
flattened somewhat against the nuclear membrane, even tending, at 
least in fixed material, to break through it (figs. 31, 33). The flattened 
disk-like form of the central body, as it lies pressed against the nuclear 
membrane, can be clearly made out Its appearance and staining reactions 
are the same as I have already described (38) for the central bodies of I 
other mildews and Discomycetes. With the triple stain the chromatin 
shows a bright-blue color and the central body is reddish or violet. 

The strands of chromatin are regularly attached to the central 
body, and from this point they extend into the central cavity of the 
nucleus, forming a sheaf of diverging rays. The series of threads as a 
whole produces distinctly the effect of a cone or bundle of rays extend- 
ing from the central body into the cavity of the nucleus (figs. 31-34). 
The bundle is broader or narrower, according as the threads diverge 
more or less rapidly from their point of attachment In some cases the 
outer rays may follow more or less closely for some distance the inner 
surface of the nuclear membrane, and the whole system of threads may 
thus be distributed quite evenly through the nuclear cavity. In this 
case the appearance of a cone or bundle of threads diverging from the 
central body is partially lost, but the orientation and attachment of 
the threads on the center is distinct and definite. In the majority of 
cases, however, in this stage the threads form, for some distance inward 
from the center, quite a definite diverging bundle (figs. 33, 34). If we 
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endeavor to foUow the paths of the individaal threads we find them 
either straight or wavy in outline, and not infrequently threads are found 
which bend sharply this way and that, following no definite direction. 
Sucn threads are, however, relatively* few and never abundant enough 
to interfere with the general appearance of a radiating system centered 
on the central body. Fig. 34 show9 a section cut from one side of a 
nucleus, so as to include only three chromatin strands with fragments 
and cross-sections of others. In conq)osition the threads s^ypear lun^y 
or finely granular, and hence of quite irregular thickness and density, 
since the nodules are by no means of equal size. They probably consist 
of chromatin granules embedded in and connected by a less stainable 
linin, though the distinction of chromatin and linin can scarcely be made 
out at this stage. The main threads do not apparently anastomose, 
though they are occasionally found crossing each other. They are, 
however, connected by lateral fibrillar or gjanular extensions which are 
extremely delicate and quite numerous, so that in sections showing the 
entire nucleus (fig. 32) the more prominent threads appear almost as if 
embedded in a very faintly blue-stained ground substance. In fig. 34 
the antipolar ends of the strands seem very definite, but this is probably 
due to the fact that they are cut off in sectioning. In figures showing 
the entire nucleus (figs. 32-34), and especially in the smaller nuclei of 
a slightly earlier stage (fig. 31), it is plain that the farther one follows 
the threads from the central body across the diameter of the nucleus the 
more difficult it is to distinguish them. In the nuclei prior to their 
fusion it is impossible to trace the threads across the entire diameter of 
the nucleus. They seem to fade out and lose their identity in a less 
strongly differentiated granular and thready mass, whose structure and 
relation to the main chromatin strands is not easy to make out clearly. 
The whole system of threads seems to pass over very soon (in fig. 31) 
into a less differentiated granular reticulum composed of deeply stained 
chromatin granules connected with abundant, more faintly stained 
fibrillar, which seem almost to form a ground substance. The fibrilbe 
resemble closely the faintly stained fibrous material which connects 
the threads nearer the center. This condition in the antipolar portion 
of the nucleus doubtless represents more nearly a resting condition of 
the nuclear material in which the chromatin is more irregularly scat- 
tered in the nuclear cavity, but is still connected definitely with the 
central body. 

The appearance of the chromatin in the resting nuclei in the myce- 
lial hyphae and the cells of the perithecium (figs. 23, 24) is very similar 
to that which we find in the antipolar region of these nuclei of the 
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young ascus. I have elsewhere described (37) such mycelial nuclei 
as finely g^nular, and the description applies to the vegetative nuclei 
of Phyllactinia. It is clear that these granules are the chromatin 
elements in a finely divided and distributed condition, such as has been 
commonly associated with the resting condition of the nucleus. In 
all the vegetative resting nuclei of Phyllactinia, however, the central 
body is in intimate connection by delicate fibrillae with this granular 
content of the nucleus, and, since the antipolar region of the larger 
nuclei of the young asci shows a similar granular appearance with the 
linin fibrillae connecting the g^nules into a reticulum, it is probable that 
this represents the structure of the resting nuclei generally in this 
mildew. In the resting nucleus the chromatin threads are so loosely 
distributed and are connected so frequently by linin fibers as not to be 
clearly distinguishable, the appearance being that of a reticulum ; but 
the attachment of the chromatin threads to the central body is contin- 
uous and becomes conspicuous in the process of aggregation by which 
the apparently scattered g^nules of the nuclear reticulum of the resting 
stage are transformed into the spirem thread. 

Tracing the course of any particular chromatin thread, then, at 
this stage, we may say that it is attached at one end on the central body,^ 
passes back through the nucleus in a path which may be rigidly straighl 
or more or less wavy or bent, and either ends freely or seems to fade out 
in the apparently less differentiated g^nular reticulum of the antipolai 
r^on. The whole series of threads forms a broader or narrower con< 
or pencil of coarse rays extending from the central body into the nucleuj 
and filling more or less completely the nuclear cavity. The outline of] 
the more dense portions of the nucleus is determined by the outline of 
the chromatin system. The nuclear membrane may lie on the surface 
of this chromatin mass or it may be separated from it by a zone of clear 
non-stainable nuclear sap (fig. 31). Frequently this zone of nuclear 
sap extends around the whole surface of the chromatin system, except 
where the threads are fastened to the central body. The relations of 
the threads to the centers is much emphasized in such cases, in that the 
center is the only point in which the chromatin is in contact with the 
nuclear membrane, and thus with the cytoplasm of the cell. Such 
figures indicate, as I have suggested in an earlier paper (38), that the 
central body represents a special region of connection between the 
interior of the nucleus and the cytoplasm. 

The connection of the nuclear threads with the central body implies, 
of course, that the nuclear membrane isjiot contmuousjitjhis point, or 
at least that it permits in some way the connection of the threads with 
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the pole. In the prophases of the division of the nuclei in the asci of 
£. communis the connection frequently appears partially ruptured (38, 
Taf. II, figs. 4, 11). This may be due to the fixation. Occasionally 
the undifferentiated portion of the chromatin reticulum rests also on 
the nuclear membrane over the whole antipolar region, and this may 
possibly be regarded as the more normal condition. The nuclear mem- 
brane is spherical in such cases, and the only region of clear nuclear 
sap is that left by the drawing together into a cone of the chromatin 
threads which are converging on the central body. 

In some cases the zone of clear nuclear sap extending around the 

entire chromatin system, except at the pole, is so wide as to suggest 

Athat the nuclear membrane has swelled away from the nuclear contents 

/ in fixation. Such figures, assuming that they indicate swelling of the 

^ nuclear membrane, gi ve evidence of the firmne gg ^^ ^-^^ ^Hskc\^vnt^nf of 

/the chromatin threads to the central body and of the latter to the cyto- 

' plasm, since in well-fixed material the chromatin is never separated 

from the center nor the latter from the cytoplasm, no matter how wide 

the clear zone may be about the remainder of the chromatin system. 

Sometimes also a clear zone is formed about the nucleus outside 
the nuclear membrane, such as has been described for the nuclei of 
Chara ; but in this case the central body is neither separated from the 
nuclear membrane nor the cytoplasm, indicating again its connection 
with both of those structures. Not infrequently the chromatin threads 
at this stage show parallel bends and curves, and I find many figures in 
which the whole system tends to be slightly spirally twisted. There is 
also some evidence that the threads are arranged in pairs. 

When the young ascus has reached the stage shown in fig. 33, the 
pair of nuclei fuse to form the primary nucleus of the ascus. The 
process of fusion can be followed in all its details with relatively great 
readiness in Phyllactinia, owing to the large number of asci in each 
perithecium. At the time of fusion the ascus-cell consists of an upper 
enlarged portion, in which the nuclei lie, and a lower stalk-like portion, 
which is much narrower and extremely irregular in its shape, twisting 
about among the wall-cells of the base of the perithecium and connecting 
with the original system of the ascogenous hyphae from which it devel- 
oped. A section of the upper portion of the ascus rarely shows this 
elongated narrower portion in its entire length, since the two rarely lie 
in the same vertical plane. Later, with the growth of the perithecium, 
this stalk-like portion of the ascus swells and becomes a part of the 
oblong ascus-sac, except at its lowest portion, which still remains as a 
narrowed foot or stalk. 
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The cytoplasm of the ascus is homogeneous and spongy, with no 
large vacuoles or inclusions at this stage. The nuclei lie rather close 
together, separated by a less distance than their own diameter through- 
out the early development of the ascus (figs. 31, 32). They fuse at a 
stage just before the peniciUate cells begin to sprout out on the upper 
surface of the perithecium. As they approach each other to fuse, the 
central bodies may be very variously placed with reference to each othei I 
and to the plane of contact of the nuclei. I have been unable to find any I 
evidence that the position of the centers influences in any way the^ 
approach of the nuclei or determines the point of their first contact. 
The centers are frequently placed facing each other (fig. 31). In 
other cases they are separated by 90 or more degrees on the surface of 
the nuclei (fig. 33). Occasionally, just prior to fusion, one nucleus 
may be pulled out into a pear-shaped body, with the center at its nar- 
rowed end, and this narrowed end may be extended beside the second 
nucleus. In this case, however, the centers may still be separated by 
half a circumference from each other. 

The nuclear membrane disappears at the point of contact, and the 
chromatin and nucleoles of the two nuclei thus come to lie in a common 
cavity. In fig. 35 one chromatin system is drawn out into a long cone, 
the central body apparently having pushed ahead into the second nucleus, 
dragging the chromatin after it. The chromatin threads maintain for 
some time their independent orientation about their separate central 
bodies (figs. 35-37). The outline of the double nucleus may for a time 
show a constriction in the plane of fusion ; later it may round out on one 
side before it does on the other (fig. 38) . The centers are still variously 
placed with reference to each other. In rare cases they may even be 
for a time exactly opposite each other on the surface of the nucleus, 
with their respective chromatic systems extending toward each other, 
suggesting the formation of a spindle. Frequently, however, the fusion 
occurs in such a way that the centers are brought close together at once. 

Wherever the centers may be, the masses of chromatin show no 
tendency at this stage to combine; they may be in contact with each 
other, but are simply crowded together and show no tendency to unite. 
Later, in all cases the centers are found lying side by side in preparation 
for fusing, but the chromatin-thread systems are still quite independent 
(fig. 38). At this stage, as at the stage just before fusion, it is possible 
to count approximately the number of threads extending back from each 
center. There are, as a rule, at least four or five threads lying in about 
the same focal plane near the median optical section of the system. By 
focusing up and down at least four more threads can be made out which 
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pass up or down from the center so as not to lie in the median plane of 

the nucleus as a whole. Thctg ^are th ai, approximately at least, eight 

or nine threads in mrhjjTtrjn jiiit bftforn fasinn OTtnUTi, The exact 

numKSfToFcdu^^ to determine in every case, since in such 

minute objects it is diflScult to be sure in focusing up and down that 

different threads are not confounded with each other in certain portions 

of their extent, or that some threads do not escape notice altogether 

by being hidden behind others lying in nearly the same vertical plane. 

The two centers can be fotmd closer and closer together, and finally 

/ they combine side by side, forming at first a double center, from which 

/ the distinct sets of fibers can be still made out (fig. 38). A little later 

!vl the two sets of fibers are no longer distinguishable (fig. 39). The 

i centers at the time of fusion maintain their ordinary disk-like shape, 

I and it is plain that the fusion figures will have a different appearance 

I according as the centers lie side by side or one above the other. The 

\ former are, of course, much more favorable for study. 

The nucleoles also fuse at some time during the process of the 
fusion of the nuclei. They are extremely conspicuous, bright-red glob- 
ules, dense and homogeneous, and most sharply distinguishable by their 
red color in the triple stain from the blue-stained chromatin. Each 
nucleus contains, without exception a single nucleole, and when the 
nuclear membranes disappear in the process of fusion the two may be 
very variously placed, as shown in the figures. Later they approach 
or are brought together in the movements of the other parts of the 
nucleus, and when once in contact they remain together and gradually 
fuse into a single nucleole whose diameter is conspicuously greater than 
that of either of the two which fuse. (Compare figs. 31-33 with 36, 37, 
39, 42.) If they had a perfectly spherical shape it would, of course, 
be easy to determine the exact relation of the volumes of the two which 
fuse with that of the resulting nucleoles. They are, however, frequently 
somewhat oblong or flattened on one side, and since it is not easy to 
determine their vertical diameters in any g^ven case, exact measurements 
of their volume can not be obtained. As is seen from figs. 36-42, the 
fusion of the nucleoles may be completed either before or after the fusion 
of the centers. The jiucleolfi&^t this stage always lie outside the chro- 
matin systems and their fusion seems to be an entirely di stinrt p|-nr<M« 

The process of nuclear fusion may be summed up as a union of the 
two resting nuclei into a single spherical nucleus whose volume is much 
greater than that of either of the single nuclei, whether or not it is 
exactly equal to their sum. The nuclear sap of the two makes a single 
homogeneous non-stainable liquid. The centers fuse into a single larger 
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disk-shaped center and the chromatin systems have become intimately 
intermii^led, though there is still evidence for some time of the presence 
of a greater number of threads in the combined chromatin masses than 
were present in either of the fusing masses. The nucleoles combine 
into a single homogeneous nucleole of approximately twice the volume ' 
of either of those which combined. The process of union so far has 
gone on rather rapidly; at least there is no evidence of increased size 
in the entire perithecium between the stages when the fusion begins 
and the time when it is completed. The nucleus thus formed is the^ 
so-called primary nucleus of the ascus. 

^^^ The ascus has reached about half its m at ure_dimensipns,^t,, this ^^^ 

stage, but the whole perithecium is rather more than half grown. As 
noted, the penicillate cells have begun to develop, but the characteristic 
bulbous-based, spine-like appendages are not yet present. A relatively 
long period now ensues, leading up to the spirem stage in the prophases 
of the first division. The nucleus during this period grows with the * 
growth of the ascus and also tmdergoes characteristic changes, part of/ 
which constitute essential stages of the fusion process. 

In the nuclei at the time of fusion, and immediately thereafter, the 
chromatin substance extends through a large part of the nuclear cavity 
(fig. 39), as was described above for the stage preceding fusion. The 
chromatin threads are still abundantly connected by fibrilke, and these 
seem to become more numerous and delicate, so that their outlines can 
scarcely be made out and the chromatin strands appear as if they were 
M embedded in a more faintly stained ground substance. As a result the 
/ threads become prc^^ssively more difficult to follow, and it is less easy 
/ to count them. The whole chromatin mass now begins to contract and 
/ becomes more dense (fig. 43). This contraction is always away from 
the antipolar region and toward the center, as if a contraction of the 
threads had taken place by which they are drawn up to their points of 
attachment in the center. The antipolar region is thus left almost free 
of stainable materials except for the large red-stained nucleole. With 
the completion of this stage of contraction the threads may become more 
plainly visible (fig. 44), but they are much shorter. Frequently the 
free ends of the threads stick out from the denser mass and are plainly 
shown, at this stage at least, not to be connected as loops at their anti- 
polar extremities (fig. 44). Occasionally a thread may extend from 
the mass as far as the nucleole. 

There is evidence in some cases also of the presence of a consid- 
erable amount of faintly stained thready material which may appear in 
section, extending from the surface of th^ denser mass as a sort of 
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fringe. It is pbinhr identical with the fibrillar material of the earlier 
stages. This contracted stage lasts for some time if estimated in terms 
of the growth of the ascocarp. 

Wliik the chromatin b thus drawn np to die centers the ondfaies 
of the latter are difficnh to make oat in preparatioos stained so as to 
give tfie chromatin a deq>-bliie color. The whole dntxnatin mass in 
deeply stained specimens mar appear as a roaghhr oval body pressed 
against the nuclear memhrane in the region of the central body. If, 
however, the <iat¥img be modi5ed hy increasii^ the time of exposure 
to the orange G of the triple stain, until the Wne is removed from Ac 
chromatin, leaving it a pale-gray, the center appears with its customary 
disk-like shape and showing a dense violet color. With this treatment 
tfie red micleole and the violet center are the only deeply stained por- 
tions of tfie entire asctis. The chromatin is pale gray and the C3rtoplasm 
faindy gray or orange. . The appearance of such a preparatioo is shown 
in fig. 43. A similar sharp differential staining of die center can be 
achieved by the use of iron harmatoxylin, the washii^ out with die iron 
solution being prolonged till the chromatin is colorless. Both nudeole 
and center appear bluish or black with dus treatment Preparatioas 
made in this way show the persistence of the center dming the con- 
tracted condition of tfie chromatin and demonstrate very clearly the 
possibility of differential staining of the center by appropriate mediods. 
/ It is clear that this contracted stage of tfie c hr o m atin elements is 
/ irjentical with the S3mapsis stage in tfie ^>ore mother cells of the higher 
/ plants. Here, as there, it is probably associated with an jnteractiop and 

^ / combination of the chromosomes prior to reduction, and the evidence 

I from the attachment of the chromatin threads to die center is practi- 
I cally conclusive that the combination occurs by the union of the chro- 
matin threads in pairs side by side. We shall find that the succeeding 
spirem stage shows chromatin strands of unusual thickness and density. 

The contracted condition of the chromatin is followed by a loosen- 
_ s^ / ing up of the mass and ajransition to a very strongly m arked spirem 



/ stage i n the pre paration foir the first division. As Ql^ chromatin mass 
' spreads out agaiiTtiltfl ttlC Anhpolar region, and loosens up, it f requentfy 
' appears for a time as if reticulated (fig. 46). Very soon, however, the 
threads become more distinct, their apparent anastomoses largely disap- 
pear, and they form an irregular cone, with its apex in the central body 
(fig, 47), such as we found prior to the nuclear fusion. The threads 
at this stage are, however, much more distinct and sharply outfined than 
\ in the earlier stages. There also seem to be fewer of the faindy stained 
interfilar fibrill^. It should be noted that all the nuclei in the phase of 
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contraction (figs. 43-47) are magnified only by 1,000, while the figures 
the earlier stages, Nos. 31-34, are magnified by 1,500. 

The spirem figure becomes still more definite with the further 
growth of the nucleus and the ascus till, at a stage when the penicillate 
cells are well started in their development and the perithecium is nearly 
full-sized, the ascus nucleus reaches its full size and we get such spirem 
stages as those shown in figs. 48 and 49. The nuclear structures at 
this stage are very sharply defined. In these figures I have brought all 
the threads into the plane of the median optical section of the nucleus, 
representing those that lie above as darker and those below as lighter 
and fainter. This makes the figures appear much more crowded and 
confused than they really are in the preparations. The center is a disk 
lying on the outer surface of the nuclear membrane, frequently in a 
slight depression, and from it very sharply differentiated threads pass 
back and can be traced with the greatest ease into the antipolar region. 
There is practically no stainable interfilar substance ; the threads lie in 
an unstained nuclear cavity, with nothing to interfere with the sharpness 
of their outiines. As in earlier stages, two extremes as to the distribu- 
tion of the threads in the nuclear cavity can be distinguished. In the 
one case some of the threads follow rather closely the inner surface of 
the nuclear membrane and others pass more directiy to the antipolar 
region through the midst of the nuclear cavity. This results in a fairly 
even distribution of the chromatin material in the nucleus (fig. 49). In 
the other case all or most of the strands pass from the central body 
through the middle of the nuclear cavity, forming a spreading bundle 
or irr^^lar cone (fig. 48), and then spread out in the antipolar region. 
Frequently at this stage, as at earlier stages, the whole bundle may be 
spirally twisted. 

The antipolar ends of the threads are frequentiy seen to be free. 
In other cases they are in contact with each other, giving the appear- 
ance of being fused or continuous. Not infrequently they are in contact 
with the nucleole. The end region of a thread may lie on the surface 
of the nucleole for a short distance, but thergjs. never a ny indication 
of a fusionjof the substa nce of the chromatin thread v (\\h thaf ^tjht^ 
n ucleole . The nucleole is a sharply defined oval body, and the ends 
of the threads appear to be merely in contact with it. 

Superficially, perhaps, the nucleus at this stage bears littie resem- 
blance to the spirems figured by Rabl and Flemming for the salamander, 
or by Strasburger for the endosperm nuclei of FritiUaria and the pollen 
mother cells of the lily, but there can be no question that this is a spirem 
stage corresponding to spirems in the cases mentioned and that in the 
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conspicuous attachment of the chromatin threads to the central body we 
have a satisfactory explanation of the unipolar structure of the spircm 
nucleus. Flemming's schematic figures of the spirem of the sala- 
mander are, in the relation shown between the center and the chromatin 
loops, strikingly similar to the figures shown in the ascus ; but no such 
conspicuous connection between the center and the chromatin strands 
as is seen in the ascus could be demonstrated by Flemming in the cells 
of the salamander. 

)The number of strands of chromatin at this stage can be determined 
with great certainty. In practically every figure which was studied 
careful focusing shows that there are just eight threads passing back 
from the center into the antipolar region. Near the center, of course, 
they may in some cases overlie and obscure each other, but by tracing 
them back a short distance toward the antipolar region the number can 
be made out with unfailing regularity. The number of these strands 
coincides, as we shall see, with the number of chromosomes in the equa- 
torial plate, and the conclusion seems entirely certain that each of the 
strands corresponds to a single chromosome, and that thus each chro- 
mosome has a permanent attachment to the central body. 
I A further, rather long, period intervenes between the stage of the 
Ifully developed spirem and the equatorial plate of the first divisicm. 
The perithecium and the asci continue to grow slowly in size, but more 
marked than the growth in size at this period is the differentiation 
which occurs in the perithecial cells. The penicillate cells proceed to 
their fullest size and differentiation as described above. The append- 
ages are developed and the differentiation of the outer, middle, and 
inner zones of the perithecial envelopes becomes more apparent 

The nucleus remains for some time at the base of the ascus, where 
the latter narrows to form the short stalk; but as it passes on in its 
development toward the formation of the chromosomes and the spindle, 
it generally migrates to a region higher up and nearer the middle of the 
enlarged portion of the ascus. The further diflFerey |fia»ir>n nf ft^p t^Jmr^ 
mosomesjiow continues. The process seems to be as follows : A more 
densely staining portion of each thread becomes differentiated at some 
point in its length, forming an elongated and bent rod-shaped body, 
which is to become the chromosome. The process of differentiation 
seems to consist in the drawing together and the aggregation at some 
point of the more densely staining constitutents of the strand. At the 
same time a contraction or shortening of the whole thread occurs. The 
segregation of the more stainable portions of the thread into the chro- 
mosomes leaves an achromatic filament or bundle of fibrillae connecting 
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the chromosome to the pole. The process is analogous to the short- 
ening of the chromatin thread, which is common in the higher plant 
and animal cells in the prophases, but differs from it in the fact that the 
chromosomes are throughout the process so conspicuously attached to 
the pole. It is generally agreed that the chromatin thread in the higher 
plants consists of two substances; but the ccmspicuous separation of 
these two constituents during the shortening of the chromatin thread 
seems to be peculiar to the mildew. Still it is to be remembered also 
that there is in many cases — for example, in the pollen mother cells of 
the larch — at about this stage a large increase of linin fibrils in the 
nuclear cavity, and it is at least possible that these fibrils arise from the 
spirem thread in the process of the differentiation of the chromosomes. 
The chromosomes appear now as oblong or irregular bodies connected 
to the central body by fine pale-blue stained or g^3rish fibers. They 
are distributed irr^;ularly in the nuclear cavity, and in a polar view of 
-the nucleus may appear as if supported in an anastomosing reticulum. 
They may be pressed closely against the nuclear membrane in some 
cases, and in others they may lie in the central region of the nuclear 
^ cavity or may be closely pressed against the nucleole. 

The spindle is formed in Phyllactinia essentially as I have described 
for |^pystp h<^ (38). The central body divide s and the daughter centers 
migrate away from each other on the surface of the nuclear membrane. 
In Erysiphe and many Discomycetes the nuclear membrane remains 
intact till the diaster stage. In Phyllactinia, at least in some cases, it 
may disappear much earlier. The separation of the daughter centers 
divides the achromatic filaments which connect the chromosomes to the 
central body into two cones or bundles. This process seems also to 
bring the chromosomes farther and farther into the antipolar r^on 
of the nucleus, where they form a rather dense group connected by 
broad bundles of fibers with the daughter centers (fig. 52) . The bundles 
or cones of fibers are distinct until near their antipolar ends, where they 
cross and interlace in connecting with the chromosomes. 

This figure resembles that of Hermann (43, Taf. 31, figs. 8-9), in 
which the mantle fibers extend from the spindle poles toward the chro- 
mosomes. There is, however, this essential difference, that according 
to Hermann the mantle fibers are at this stage for the first time extend- 
ing toward and becoming connected with the chromosomes, while (as 
we have seen in the ascus) the chromosomes have been continuously 
attached to the centers through all the preceding stages of nuclear devel- 
opment. Whether there is longitudinal splitting of the individual fibers, 
or whether they are merely separated into two groups, I have been 
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unable to determine. In the case of reduction divisions it would seem 
probable that the fibers merely separate in two groups. There is no 
trace of a direct connection between the centers as they separate. There 
is no evidence of the existence of a differentiated central spindle at this 
stage. As I have suggested (38) for Erysiphe, it is possible that, for 
a time at least, the presence of the nuclear membrane makes a central 
spindle unnecessary. As to the permanence of the nuclear membrane 
and the absence of a central spindle in the early stages of the separation 
of the centers, the conditions in the ascus are similar to those in the 
spindle formation in the cleavage of the egg of the trout, whitefish, 
and many invertebrate animals in which the centers mig^te to (^>posite 
poles of the nuclei before the nuclear membranes disappear. It has, 
however, been rather generally assumed by students of karyokinesis in 
these eggs that the connection of the centers to the chromosomes is 
established by the growth of spindle fibers into the nuclear cavity after 
the centers have reached their position at the poles. It is interesting 
to note in this connecticm, however, that Janssens (49) claims, on the 
basis of an investigation of the spindle formation in Triton, that even 
here no central spindle is formed between the separating centers as 
described by Hermann (43) for the salamander. 

The centers continue to separate until they have passed through 
an entire half-circle and come to lie opposite each other, forming the 
poles of the spindle. The fibers attached to the chromosomes have 
shortened at the same time and have drawn the chromosomes up into 
the middle region between the poles (figs. 53, 54). The nuclear mem- 
brane may be still intact in some cases (fig. 67b) at this stage in Phyl- 
lactinia, as it regularly is in Erysiphe. In other cases it seems to have 
entirely disappeared (figs. 53, 54, 67a). A remnant of the nucleole 
I may still be present at the equatorial plate stage (fig. 53). 

The chromosomes are oblong or oval bodies in the equatorial plate 
stage and stand frequently in a radial position on the spindle — that is, 
attached to the spindle fibers at one end and with their long axes at 
right angles to the long axes of the spindle. They are small as com- 
pared with the size of the spindle and generally lie entirely free from 
each other, so that they can be very readily counted (fig. 53). The 
number is quite regular and corresponds with the ntunber of strands 
attached to the central body in the spirem stage. These figures agree 
with those I have already published for other Ascomycetes in showing 
the incorrectness of Maire's (61) and Dangeard's (21) claim that the 
Ascomycetes have regtdarly four chromosomes. The spindle fibers 
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now Stain more deeply than in the prophase stages and appear blue or 
violet in the triple stain. 

In describing and figuring the three successive divisions of the 
nucleus of the ascus I have had a gjeat abundance of figures at my 
disposal and have chosen to select those stages in each division which 
mutually supplement each other rather than to g^ve a full series of 
stages in any one division. In this way the evidence tha t the number 
o f chromos oy yes is the same "throu ghout and Jhat the central bodies are 
present^at^eadiLgtage isjbrqug^ht^ut more clearly. ^ ~ —^- 

^if we compare the chromosomes in the equatorial plate with the 
spirem strands in the prophases we get evidence of a great reduction 
in volume. This may, of course, be partially due to condensation of 
their substance, although in reality the spirem strands (figs. 48, 49) 
appear quite as dense as do the chromosomes in the equatorial plate. 
However, as we have seen, the formation of the chromosome from a 
strand of the spirem consists in the segregation of two substances pres- 
ent in the spirem. The densely staining chromatin aggregates in the 
chromosomes, leaving the achromatic portion as a series of threads 
connecting the chromosomes to the central body, and these threads later 
form the spindle. 

Following the equatorial plate stage, the chromosomes are drawn 
back to the spindle poles, and during this process again their number 
may be easily determined. Fig. 54 shows an early metaphase in which 
the daughter chromosomes are beginning to separate. In fig. 55 it is 
perfectly plain that sixteen daughter chromosomes are being drawn back 
to the poles, eight on each half of the spindle. These figures are abun- 
dant in the mildews and are very easily fixed and stained. Maire has 
evidently seen more than four chromosomes in many cases in the 
prophases, but maintains his contention by calling these more numerous 
bodies " prochromosomes " and asserting that they later fuse into four 
true chromosomes. He will hardly maintain, however, that the bodies 
shown on the spindle in fig. 55 are prochromosomes, and there can be 
no question that there are at least eight of them on each half of the 
spindle. With poor fixation it is possible to find the chromosomes of 
the mildew fused together into irregular masses, as may happen also in 
the pollen mother cells of the larch or lily, and it is doubtless such cases 
of poor fixation which have misled Maire and Dangeard. The polar 
asters at these stages are very strongly developed, and it is apparent 
that some of the astral rays extend to the plasma membrane of the ascus. 

The central spindle fibers left after the chromosomes have reached 
the poles seem to disintegrate and pass over into the general cytoplasmic 
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substance (figs. 56, 57). Frequently they may be mncji doogaied hj 
further separation of the young daughter nuclei, but diis is not neces- 
sary to their disappearance. 

The chromosomes are next fotmd loosely aggr^;ated at the poks 
and still plainly connected to the central body by the fibers which drew 
them back from the equatorial plate r^on (fig. 56). This resuhs in 
a sort of diaster stage (fig. 57), though the significance of the name 
docs not appear in any conspicuous arrangement of the chromosofnes. 

A nuclear membrane is next formed, close in to the surface of Ac 
chromosomes at first, but soon expanding so that more or less dear 
space appears around the mass. The chromosomes themsdves seem 
to be the cause of this enlargement. They grow in length badcward 
from the center, at the same time swelling and becoming somewhat 
Irregular and knotted (fig. 58). As a result we get at once a rough 
duplicate (fig. 59) of the spireni stage of the prophases. From the 
central body coarse, irregular threads are seen extending back into the 
rnlar^ing nuclear cavity. 

I huvc studied these stages carefully, and it seems very clear that 
wc have here, in reverse, the same process by which the chromosomes 
were >trj(rr^atcd out of the spirem-strands of the prophases. The sub- 
>ifttncc (if the chromosome is being redistributed in the rapidly growing 
arhrofnatic linin substance. The general resemblance between the con- 
ditions in fi^K. 58-59 and 47-48 is certainly noteworthy and shows clearly 
that the chromosomes in passing over into the so-called resting-stage 
in the reconstitution of the daughter nuclei do not lose their connection 
with the central body. 

As the reconstitution of the daughter nuclei progresses, the nude- 
olcs reappear and the distribution of the chromatin becomes progress- 
ively more irregular! The strands become longer and apparently may 
become more or less connected by anastomosing fibrilte. The connec- 
tion with the central body is, however, still perfectly definite and con- 
spicuous (figs. 60, 61). The irregularity of the strands may be inter- 
preted as due to a diminished tension in their connection with the central 
body as compared with the prophase stages. Ultimately the chromatin 
may become quite evenly distributed through the nuclear cavity, and 
from the polar view appears much like an ordinary reticulum. But the 
constant conspicuous attachment of the strands with the central body 
is maintained even though, as is quite commonly the case, the nucleus 
projects on that side in a short cone or papilla (figs. 59-61). 

As in the nuclei of the ascogenous hyphae, the attachment of this 
apparent reticulum to the center becomes especially conspicuous if the 
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reticulum is for any reason drawn together and away from the nuclear 
membrane. In such cases the chromatin threads are always attached 
to the center, though they may be drawn away from the membrane 
everywhere else. This condition is also conspicuous in the figures of 
Erysiphe which I have already published. The polar asters through 
these stages are very sharply differentiated, the fibers extending in 
some cases almost, if not entirely, to the plasma membrane of the ascus 

(figs. 55-60. 

The daughter nuclei formed by the division of the primary nucleus 
of the ascus, as just described, never grow to the size of the mother 
nucleus. Their volume is apparently not more than one-half that of 
the primary nucleus. As a rule they divide^ gain immediately, though 
in some cases apparently a considerable period may intervene. 

Fig. 62 shows an early stage of the spirem of the nucleus in the 
binucleated stage of the ascus ; and fig. 63 a, b shows a stage in the sepa- 
ration of the daughter centers and the formation of the spindle. The 
chromosomes appear as oblong, densely stained, bent or irregular bodies 
in a fairly dense group in the antipolar region. The gjoup was cut in 
two in sectioning and is reproduced in the two figures (63a, &). The 
halves of the spindle appear as broad series of fine achromatic fibers 
and the centers have their characteristic flat, disk-shaped form. The 
stage is a little earlier than that shown in fig. 52 for the first division. 
It differs in that the nuclear membrane is in this case still partially 
present, though breaking down in certain portions. Fig. 64 shows a 
somewhat later stage, in which the centers are farther apart and the 
halves of the spindle diverge at a correspondingly greater angle. In 
this case the polar asters appear as well-developed systems of fibers 
radiating from the central bodies into the cytoplasm. 

Fig. 65 shows the two nuclei of the ascus in the equatorial plate 
stage. The upper spindle lies in the plane of the section and the lower 
is cut through obliquely, so that only one pole and one half of the spindle 
appear in the section. As is to be seen, eight chromosomes are present 
at this stage also. In PhYlla<^<^i"i;^, ag in all ^he A^sicc^Tr}Vi ^f^t(^<i T |]^v#> 
studie d, the numbe r of chromoso mes remains the samejthroughi^ltl^ 
divisions of tne primary nucleus of the ascus. Fig. 66 shows a further 
st^geln the division of the two nuclei. One spindle lies in the long 
axis of the ascus and the other almost transversely and in the upper end 
of the ascus. As a rule only two s pores are formed in the ascus of ^^ 
PhjUactiniaLi^and a study of the further stages shows that both the 
daughter nuclei produced from this transverse spindle will remain in 
the upper end of the ascus and fail to become centers for spore forma- 
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tion. In this upper spindle the chromosomes are a little nearer the 
poles than in the lower one, but in both either seven or eight chromo- 
somes can be made out in each group. 

Figs. 67 a, b show three nuclei from an ascus in the four-nucleated 
stage. They are all in the stage of division when the daughter chro- 
mosomes are just separating out of the equatorial plate. Fig. 67 a 
shows one profile and one polar view of the spindles which lie at the 
upper end of the ascus and are destined to form supernumerary nuclei. 
Fig. 67 b shows a somewhat larger spindle figure which lies near the 
center of the ascus. It is probable that both nuclei formed from it will 
become centers for spore formation. In this division also the chromo- 
somes can be counted with perfect certainty as they are drawn back to 
the poles. Fig. 68 shows two nuclei at this stage, and in each of the 
four daughter groups seven or eight chromosomes can be counted. 

In both the second and third divisions it is plain that the central 
body continues in the same relation to the chromatin as in the first 
division and the fusions which preceded it. The figures in the two and 
four nucleated stages are not so favorable for counting the number of 
strands in the spirem stage of the prophases by reason of their greatly 
diminished size, but as to the main fact, that the central body maintains 
a continuous connection with the *;;^.^^^fL*linj just a^ in thft.firstjl!^^^"i 
ihe evidence is perfectly conclusive. 

As noted above, only two spores are formed as a rule in the asci 
of Phyllactinia. This leaves six supernumerary nuclei which disinte- 
grate in the epiplasm. Generally these supernumerary nuclei at the 
time of spore formation are all in the peripheral end of the ascus, while 
the two nuclei which are to become the centers of the two spores are 
rather above the middle of the ascus. The supernumerary nuclei fre- 
quently are pressed against the wall of the ascus, with their central 
bodies on the side next the wall. Later several of these supernumerary 
nuclei arc frequently found lying in a bunch free in the cytoplasm. 

The process of spore formation is especially well shown in the asci 
of Erysiphe cichoracearum, ana l nave included for these stages some 
figures from this species with those from Phyllactinia. Figs. 80 and 81 
are from £. communis. The polar aster from the third division persists 
in all the eight nuclei for some time, but is most conspicuous in the case 
of the nuclei which are to be inclosed in spores (fig. 69). A beak is 
next pushed or pulled out from the nucleus, which is generally already 
pear-shaped, as in the corresponding stages in the earlier divisions 
(figs. 70, 71,72). 
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The metamorphosis of the polar aster in Phyllactinia and Erysiphe 
cichoracearum is entirely similar to that in Erysiphe communis. In 
view of the above-described facts as to the connection between chro- 
matin and central body at other stages, it is interesting to note that in 
the protrusion of the nuclear beak the same condition comes most strik- 
ingly to view. The beak is not merely an extension of the nuclear 
membrane, but the chromatin is also pulled out as slender strands in the 
beak and maintains its connection with the central body through the 
whole process of the delimitation of the spore. This is very clearly 
shown in both Erysiphe and Phyllactinia (figs. 70-78). 

The central body on the apex of the beak is very broad and flat in 
Phyllactinia (fig. 72) . Its diameter is apparently greater than that of the 
outer portion of the beak. I have occasionally found cases in which the 
central body had divided at the end of the beak and the fibers were also 
separated into two systems (fig. 80). Whether this condition would be 
followed by normal spore formation I have not determined. It shows the 
capacity of the centers to divide and seems to indicate that such division 
separates the fibers into two groups without splitting each fiber. 

The process by which the beak is formed on the nucleus is not easy 
to understand. I have elsewhere discussed (38) the possible methods 
by which such a beak-like elongation may be pulled or pushed out from 
the surface of the nucleus. My observations on Phyllactinia and I 
£, cichoracearum incline me more strongly to the view that it is formed! 
by the activity of the aster rather than by any spontaneous change of] 
form in the relatively inert nuclear mass. 

In E. cichoracearum it seems plain, as I found was the case some- 
times in Lachnea and Pyronema, that in some cases, at the time of the 
formation of the beak, the center and aster may be in close contact with 
the plasma membrane of the ascus (figs. 69, 73, 74), just as is quite 
regularly the case with the supernumerary nuclei (figs. 70, 73, 81). 
The folding over of the rays may beg^n while the centers are in this 
position and may seem to be a result of the flattening of the aster 
against the membrane of the ascus (figs. 73, 74). 

In Phyllactinia the beaked nucleus and aster seem much more com- 
monly to lie free in the cytoplasm from the start (fig^. 70, 71, 72). 
Occasionally, even when the center is quite distant from the plasma 
membrane, a broad depression is found in the latter just opposite the 
center, as if the astral rays were attached to it and by contraction had 
pulled it away from the cell-wall (fig. 71). In the later stages in all 
cases the whole system is found lying free in the cytoplasm and gener- 
ally at some distance from the wall of the ascus. It is quite possible that 



50 



SEXUAL REPRODUCTION IN CERTAIN MILDEWS. 



> 



while in contact with the plasma membrane of the ascus some of the 
material of the latter may pass over into the rays and thus aid in forming 
the membrane of the spore. There is, however, no break in the plasnfia 
membrane of the ascus as a result of any such possible participation 
in the formation of the new spore membrane. The membrane of the 
ascus remains as a continuous envelope of its cytoplasm, and there is 
no apparent loss of turgidity in the latter. In Phyllactinia also it is 
quite common to find the cytoplasm very loose and showing large vacu- 
oles in the neighborhood of the beaked nuclei (figs. 70, 72). Ttiese 
spaces may represent the remains of the nuclear cavity of the preceding 
mother nucleus. This looser cytoplasm is sharply bounded by the inner 
rays of the aster (figs. 70, 72). 

The stages in the process of the folding over of the rays and their 
\snion to form the plasma membrane of the spore are very well shown 
in £. dehor acearum. The rays become elongated during the process 
by growth which apparently proceeds from the central body outward, 
and at the same time they fold over and combine side by side to form a 
continuous broad, umbrella-shaped membrane (figs. 74, 81). Sometimes 
the rays on one side seem to be in advance of those on the other in the 
process of inclosing the spore-mass (fig. 73). If, in folding over and 
elongating, the rays of one center come in contact with those of another, 
they tend to fuse, at least temporarily (fig. 74). Later, however, they 
must separate again, since one almost never finds spores with two nuclei, 
while such conditions as those shown in fig. 74 are not uncommon. 

That the rays actually combine to form a membrane in these early 
stages is shown in Phyllactinia, as in £. communis, by the fact that the 
polar region of the spore may draw away from the adjacent cytoplasm 
as a result of fixation before the spore is entirely delimited. The broad, 
umbrella-shaped membrane shown in figs. 74 and 81 gradually closes in 
to form, by further marginal growth, the ellipsoidal plasma membrane 
of the spore (fig. 75). The whole spore bodv is cut out of the prev i- 
ously undifferentiated cyto plasm of the ascus by the formation of a new 
plasma mem brane de rived frqmthe fib ers of the po lar aster and without 
the deposition of j| i:t!lu]lQ§ejj:all^ In this case, as in animals and the 
higher plants, the process of cell division consists in the formation of 
new plasma membranes which, in the latter at least, originat e as a so- 
called cell plate IroggL the fibers of a portion of th e k aryokinetic fig tirei. 

Such a process of migration of the astral fibers demands the 

/assumption that they are contractile elements comparable to cilia, even 

/ though we have not as yet sufficient data on which to carry out such a 

J comparison in every detail. The abundant evidence which has accu- 
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nnilated in recent years, in both animals and plante^_that the^ciUaij 
apparatu s of die male cell arises fron\ a more or l ess modified central 
body, IS strong ground for the acceptance of this view? further, the 
process of transformation of the polar aster into an ellipsoidal mem- 
brane is to be compared with other cases of intra-cytoplasmic migra- 
tions, such as those of die central spindle fibers in building the cell 
plate and the migrations of the asters of the sperm cell in the animal 
egg in the processes of fertilization. Though the resemblances in all 
these processes are not yet clear, we certainly have sufiicient ground for 
assuming that the fibrous material concerned in them all constitutes a 
specially differentiated material of the cell — -jJigJaiiQQljiggij^ 

That tiie spore as at first fftrmtj ^^'^ Tin relhilwst wnll in wrll ihjMIJ 
in cases^in which it is plasmoly^cdJa fiMarioa, In such cases the sepa- 
ration of the spore-plasm from the epiplasm is complete and there is 
no trace of a cell-wall in the cleft so formed. The surface of the plas- 
molyzed spore shows the same continuity as we find in the surface of 
the protoplast of the ascus, and there can be no doubt that the spore 
boundary formed by the fibers of the polar aster, even at this early stage, 
is essentially similar in its nature to the layer bounding the entire ascus 
or other cells of the mycelium. 

Whether the material of the fibers has undergone a chemical change 
in forming this continuous membranous layer is difiicult to determine. 
That their staining reactions change somewhat seems fairly evident in 
most cases. As fibers of the polar aster they take the blue color in the 
triple stain. On the surface of the completely delimited spore it is 
difficult, if not impossible, to distinguish a layer differentiy stained 
from the spore-plasm which it surrounds. Still occasionally, in the 
triple stain, this layer does show a bluish-g^y tint somewhat clearly 
differentiated from the g^y or faint orange of the inner spore-plasm. 
If, as Overton (73, 74) concludes, the outer layer of the protoplast is 
a chole3terin-like substance or is impregnated with such a substance, 
it must probably be assumed that the kinoplasmic fibers undergo a 
decomposition in forming the limiting layer of the spore. On the other 
hand, the fact that these fibers maintain their identity and do not mingle 
with or dissolve in the cytoplasm about them while they form the polar 
aster is sufficient evidence that their substance is capable, without chem- 
ical change, of forming an osmotic layer sufficientiy differentiated to 
separate tiie spore-plasm from the remaining cytoplasm, at least to an 
extent which would permit the plasmolyzing of the spore mass. 

In the case of these preparations with shrunken spores we can make 
out, by careful observation, in some cases, an interesting difference 
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between the snr&ce of the spore and that of the epipiasm from which 
it is drawn back. . The surface of the spore is plainly smooth and con- 
tinuous, while that of the epipiasm is slightly ragged and irr^^at, 
indicating that tfie spongy cytoplasmic reticulum has been cut through 
without closing the interstices of the epipiasm, either by the rounding 
out of reentrant cavities by snr&ce tension or by the deposit of a surface 
layer of material to close such openings. The spore-plasm is evidently 
inclosed and smoothly enveloped by the material of the polar fibers, 
while no such substance has been deposited on the corresponding sur- 
face of the epipiasm. 

After the spore is completely inclosed the remnant of the fibers 
disappears from the region about the c entral body (fi g. 76) . The latter 
t hen breaks away fr om the jj^sma. mem brane and the nucleus graduaUv 
regains^ its^ spherical or oval ^bapcJbty drawing in the^ be^-lilaM^CQlan- 
gatiOTu The stages in this process are very well shown in Phyllactinia 
(figs. 77, 78). The central body comes thus to occupy its old position 
on the surface of the spherical nucleus. The chromatin is apparently 
at this stage an irregular reticulum, but is always attached to the central 
body. It is frequently drawn back from the nuclear membrane into an 
irregular mass on all sides, except where it is attached to the central 
'>^y (fig- 79)- Later a wa ll is built around jh^ spQre and a resting 
condition ensues which lasts till th e bursting^ the perithecia in the 
following spri ng. Tfie^onnection of chromatin and center can be 
observed in favorable preparations in the fully matured spores, but these 
stages, owing to the presence of the spore wall, are less easily fixed than 
the earlier (uies. In the fully ripened condition a considerable amount 
of reserve material is deposited in the spore-plasm, which thus becomes 
quite different in its composition from the surrounding epipiasm. 

The germination of the ascospores into a vegetative mycelium com- 
pletes the life cycle of the mildew. Tliajiuclei of the mycelial h>T)ha e, 
as already described, show the same polar structure, with the chromatin 
directly connected with the central body, which we have traced through 
the stages in the development of the ascocarp. We thus have a fairly 
continuous account of the existence of the central body and the main- 
tenance of its connection with the material of the chromosomes through 
two nuclear fusions in the oogonium and in the young ascus, through 
a series of divisions in the ascogenous hyphae, and the triple division in 
the ascus, and Hnally through the formation of the ascospores by free^ 
cell formation. This constitutes the longest and most varied series of 
stages through which the central body of a plant has yet beenJracedrT" 
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THEORETICAL DISCUSSION. 

THE CENTRAL BODY IN PHYLLACTINIA. 

We find in the above-described series of nuclear fusions and 
divisions not alone the persistency of a central body as such, but a center 
that remains throughout in intimate and organized connection with the 
chromatin content of the nucleus. The center is not a naked graiaule 
or centrosphere which can be distinguished only with difficulty from 
other stainable granules in the neighborhood of the nucleus. It con- 
stitutes throughout a point of attachment for the elements of the nucleus, 
and in all the various modifications which it and they undergo in the 
processes of division and fusion this relation is maintained in the most 
definite fashion. The central body by its position determines in ani 
important sense a definite polar organization on the part of the chro-/ 
matin, and thus of the nucleus as a whole. ^^tjifi-StageJn its develop- 
ment is the nucleus of Phyllactinia an isotropic or radially organized 
body. In every stage the chromatin is deEnitely~attached to either one 
or two central bodies on the periphery of the nucleus. Thi;^ miyleus i^ 
hence strictly unipolar throughout its so-called resting stages, becoming 
bipolar by division of the center for the formation of the two daughter 
nuclei. We can thus distinguish throughout its history both poJLiILaad 
antipolar regions in the nucleus. The position of the central body on 
the nuclear membrane is characteristic of the fungi, and the greater 
readiness with which a permanent connection between the nuclear ele- 
ments and the center can be demonstrated in them is no doubt associated 
with this fact. 

Further, it is plain that the chromatin elements are throughout defi- 
nite in number and each one is attached independently to the center. 
In the so-called spirem stage each chromatin element consists of a 
relatively thick thread or strand, which is attached at one of its ends to 
the center, from which it extends back to the antipolar region of the 
nucleus, where it ends freely, or may be loosely joined to the other 
strands, or lie in contact with the nucleole. 

In the reconstitution of the daughter nuclei, from the diaster stage 
on, the chromosomes elongate and pass back into their more diffuse 
condition without losing their connection with the center; and even 
when the daughter nucleus passes into the complete resting condition 
and the chromatin strands apparently anastomose by fibrillar outgrowths 
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to form what may appear to be a chromatic reticulum, its attachment to 
the central body is still conspicuous and indicates that each strand main- 
tains its separate and individual connection with the nuclear pole. In 
favorable preparations close analysis of the resting stages show consid- 
erable evidence that the eight chromosomes are still to be differentiated 
as constituting the main strands of the reticulum, though they may be 
quite irregular in their outline and connected by anastomosing fibrillar 
The central bodies are thus seen to be permanent structures of the cell 
during both the dividing and resting stages of nuclear development. 

In the processes of nuclear fusion in Phyllactinia the permanence 
of the central body is also evident. In the vegetative nticle^y fiif^inns 
in the young ascus each nucleus ha s a conspicuous polar structure and 
central body at the time when the nuclear membranes break down and 
the nuclear cavities combine. The fusion nucleus thus formed has for a 
time two centers and two independent systems of strands of chromatin. 
These, however, gradually approach and combine into a single centered 
system with one central body. The centers fuse and the chromatin 
strands combine, so that the fusion nucleus has one central body and 
the same apparent number of strands of chromatin as each of the nuclei 
which combine to form it. In the sexual fusi on a t the initiation of the 
ascocarp we find both antheridial and tgg nuclei provided witii conspic- 
uous centers. When the pronuclei are lying side by side in the egg their 
centers are also still present. The small size of the nuclei and of the 
whole sexual apparatus at this stage makes it difficult to trace the stages ^ 
in the combination of the pronuclei, but the fertilized egg-nucleus shows / 
conspicuously a single center, and it seems probable that here, as in the / 
fusion of the ascus, this center takes its origin in the union of the centers^ 
of the fusing nuclei. The permanence of the centers throughout the \ 
remaining stages in the life history of the fungus, and especially their \ 
definite connection with the chromatin content of the nucleus, makes I 
it highly improbable that either one of them should disappear and be J 
replaced by the other during the process of fertilization. ^ 

In the process of spore formation by free cell division the center is 
also constantly and conspicuously present, and we are justified in con- 
cluding that in Phyllactinia the central body is a permanent cell struc- 
ture maintaining its identity through the whole life history of the plant, 
involving the varied processes of nuclear division, nuclear fusion, and 
free cell formation. This, of course, does not necesarily imply thel 
individuality of the center in the sense that it is to be considered anl 
elementary organism or even an organ with complex internal structure,! 
such as we seem bound to conceive is present in the chromosome. The 
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facts seem adecjuately accounted for ^y ^^^ ^OTrfP^^'^" *h^f \h% ^^"^-^^^ 
J)ody i s^ a m ore. permanent cell element comgosed of the same ^ pno- , 
plasmic material which is found in the polar rays and Rm'nHIp fibers 

I am of the opinion that the various activities shown in spindle J J 
f formation and the movement of the chromosomes, as well as in free cell / 
") formation, are to be regarded as functions of the individual contractile ) 

/ kinoplasmic fibrillae of the spindle and asters rather than of the centers / /^ 

' in which these fibers meet and are combined. The determination of a ^ 



constant fibrous connection between the central body and the chromo- 
somes is a strong point against the so-called dynamic theories of the ) o^^ 
centrosome. In such a' system we have no need for the assumption of f 
any radially working force which goes out from the sphere as a dynamic ^ 
center. • The motions of all the bodies connected with the center are \ 
much more adequately provided for by the assumption of contractility 
in the kinoplasmic fibers which connect them to the center. This con -i 
tractility is to be compared to that of the cilia and the elements of th< 
mugcle cell. The comparison of the kinoplasmic fibers to cilia or muscle 
elements suggests further that the fibers need not necessarily be arranged 
in centered systems, and indeed we have abundant evidence in the higher 
plants that the kinoplasmic fibers may perform their characteristic func- 
tions in nuclear and cell division without the presence of a central body. 
Under this conception of the central body, the types of spindle forma- 
tion in the vascular plants on the one hand and in the fungi and algae 
and the animals on the other can be brought together. 

The conception of a unipolar structure of the resting nucleus 
plainly can not apply to the nuclei of the higher plants, whose spindles 
are formed from a perinuclear weft of fibers. Still, it is by no means 
impossible that a permanent connection between the chromatin elements 
and the surrounding material of the cytoplasm by kinoplasmic fibrillae 
exists also in these cases. There is considerable evidence in the pro- 
phases of division in the pollen mother cells of the larch, as shown by 
Allen (i), that the fibers of the cytoplasm which later form the spindle 
are connected through the nuclear membrane with the chromosomes. 
The difficulty in understanding how the daughter chromosomes in turn 
become attached to fibers from one pole only of the spindle, unless the 
chromosomes occupy definite regions in the nucleus and are perma- 
nently attached to the kinoplasmic fibers, is just as great here as in the 
case of the formation of the spindle in animal cells. Still, Strasburger 
(89) holds that in the vegetative divisions in various root tips the 
nuclear membrane disappears at the poles and the spindle fibers grow 
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in and attach themselves to the chromosomes or meet and form the 
central spindle fibers extending from pole to pole. 

The figures of Swingle (92a) seem decidedly to favor the view 
that in Stypocaulon the spindle fibers form new connections with the 
chromosomes by growing in from the poles at each mitosis. The same 
is true of the spindle formation in the first division of the tetraspore 
mother cell of Dictyota, as described by Mottier (67) . On the other hand, 
the same author's figures of spindle formation in the second division 
seem to agree closely with the corresponding stages in the ascus. 

PERMANENCE OF THE CHROMOSOMES. 

It is evident that the resting reticulum of the nucleus of the mildew 
contains at least two elements, and that the chromosomes of the equa- 
torial-plate stage are formed from the chromatin of the resting and 
spirem stages by the segregation of a less stainable material — ^the linin — 
and a denser, more stainable material. The latter becomes condensed 
into the oblong chromosomes connected to the central body by bundles 
of achromatic threads. The formation of the spirem is a process in 
which the principal strands of the reticulum come more prominently 
into view as a result of their contraction while attached at one end to the 
central body. In this process they lose the fibrillae by which they were 
connected to form the resting reticulum and become sharply defined, 
highly stainable threads lying in an entirely achromatic nuclear sap. 

The material of each chromosome is still distributed at the spirem 
stage through the whole length of the strand out of which it is later 
segregated. The withdrawal of this chromatic material into the com- 
pact body of the chromosome leaves the spirem strand as a thin achro- 
matic fiber or bundle of fibers connecting the chromosomes to the pole. 
Whether in the division of the central body and separation of the 
daughter centers to form the poles of the spindle the achromatic fibers 
1 are split longitudinally or are merely separated into two bundles is not 
I. \ clear from my preparations. _ItJ5x^howfv^^ p|pi> ffiat ^^rh rhf^xpn. 
\\some js^fcog the start connected wjtl] both S^]^r and that provision is 
\ Vthus made for the separation of the daughter chromosomes and their 
I jwithdrawal to the poles of the spindle to form the daughter nuclei. 

During the separation of the daughter centers no so-called ceg tr ^j 
spindle is present, but in the anaphases central spindle fibers running 
^'through from pole to pole are conspicuous ; and they persist until the 
daughter nuclei have begun their independent development, being then 
apparently g^dually disintegrated. How these central spindle fibers 
arise as distinct from the fibers which draw the chromosomes to the 
poles is not clear. 
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In the fusion of the nuclei of the young ascus the generally parallel 
position of the strands of the two chromatin systems at the time the 
centers unite leads naturally to the assumption that the individual strands 
are combined side by side, so that the number of the chromosomes is 
not, apparently, doubled in the fusion nucleus. The fusion of the male k 
and female pronuclei probably proceeds in the same fashion, so that J -=^ 
here again the chromosome number in the fertilized egg will not appear! 
to be doubled, though the individual chromosomes must be regarded as | 
bivalent structures. The details of this fusion I have not as yet been 
able to make out, but, since the chromatin of the pronuclei is plainly 
attached to the centers, just as in the fusion in the ascus, it is probable 
that the method of combination is the same in both. 

The evidence g^ven above, that the chromosomes are in continuous 
connection with the central body in the resting-stages, as well as when 
dividing and fusing, is fairly conclusive that in Phyllactinia, and pre- 
sumably in other mildews, the chromosomes are permanent cell struc- 
tures. The facts which favor the doctrine that the chromosomes are 
everywhere permanent cell organs have accumulated very rapidly and 
from many sources in recent years. This evidence, both from older 
and more recent authors, as to permanency of size, number, form, 
position in the nucleus of the whole series of chromosomes, and the 
further remarkable facts of chromosome differentiation in size, form,! 
etc., as described by Henking (42), Montgomery (66), and others for! 
the accessory chromosome, and by Sutton (92) for the whole series on 
chromosomes in Brachystola, has all been fully summarized and itsl 
significance critically estimated by Boveri (13). Still more recently! 
Rosenberg (810) has described the existence of chromosomes of unequal I 
size in Listera. The vegetative cells here show regularly 10 large and 1 
22 smaller chromosomes. 

We have in these newer facts not only proof of specific differences 
between chromosomes, but indisputable evidence that individual chro- 
mosomes are perpetuated as such from one cell generation to another. 
It is a question, however, whether Boveri is justified in combining with \ 
the conception of the permanency of the chromosomes as cell structures 
the further doctrine that they are individual and elementary organisms 
leading a relatively independent existence in the cell, and thus in a 
sense comparable in their individuality to the cell itself. It is doubtful 
whether the facts of permanence in number, form, position in the 
nucleus, etc., even suggest any sUch conclusion. 

The conception of the cell as made up in whole or part of more 
elementary independent organisms is not a necessary conclusion from, 
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nor to be confused with, the conception that the cell mechanism contains 
definite and permanent parts with specific functions. It may even be 
a question whether it is advisable to call such parts of the cell org^ans, 
since they are not to be compared morphologically to the organs of 
multicellular plants or animals. 

* The most specific evidence which Bov eri advances for his concep- 
tion is theTact that the chromosomes grow and can thus Be^id to have 
I youthful and an adult condition and that they reproduce by division. 
These are interesting analogies with the cell itself; but the cytoplasm 
as a mass also grows from the size it has in the daughter cell to its size 
in the adult cell, and it is reproduced by division ; still, it adds nothing 
to our understanding of the cytoplasm to call it an individual organism 
in the sense in which we so characterize the cell. Reproduction by 
division and growth are necessary characteristics of any even relatively 
permanent portions of cells which assimilate, grow, and divide. It is 
^to be remembered. fttrth ^L^that the peniianencxof Jhect^^ 
means only the co ntinuity of a structure which is undergfoinef continu- 
, ally its own series ofcyd ic changes inj-esting^sta^^jiikpsis, nision, etc. 

I t is doubtless susceptib lejQ.,rP^"^^ altpraHnr^^ Hni^ to its changing envi- 
ronment, and is an active seat of metabolic changes. And further, as 
to the significance of such external features as permanence in number, 
size, form, and position in the nucleus for the fimctions of the chromo- 
somes in determining, through heredity, the structure and functions of 
\ cells and cell colonies, we have as yet little positive evidence. It is not 
impossible that the organization of the chromatin is a matter of molecu- 
lar rather than a grosser structure. The doctrine of permanence of 
the chromosomes as structures of the cell does not necessarily carry 
with it the assumption that the chromosomes are themselves composed 
of such differentiated structures, as is the cell. 

The evidence summarized by Boveri, while it is entirely convincing 
as to the permanence of the chromosomes in the resting condition, is 
almost wholly inferential and based on their appearance in constant 
number, form, size, etc., in the division stages. Rosenberg (8i) has 
recently brought very interesting direct evidence that the chromosomes 
are present as definitely differentiated structures in many nuclei in the 
resting condition. He finds that in the resting nuclei of Capsella, Zos- 
tera. Calendula, and other plants the resting nuclei show a series of 
sharply differentiated masses of the same number as the chromosome 
number for the species — 32 for Capsella, 12 for Zostera, 32 for Calen- 
dula — and represent a form in which the chromosomes persist from one 



PERMANENCE OF THE CHROMOSOMES. 59 

nuclear division to another. Rosenberg says nothing as to how the 
chromosomes become connected with the spindle fibers. 

All the earlier evidence that the chromosomes are permanent struc- 
tures in the cells of the higher plants and animals, except that of Rabl 
and Flemming, has been developed from a study of the form, number, 
appearance, etc., of the chromosomes themselves as they recur in each 
dividing stage, and does not rest on any proof of the structural relations 
in the nucleus by means of which, in all the manifold changes of fusion 
and division, such permanence is assured. 

; The nature of the mechanism by which the scattered chromatin 
/elements of the so-called resting condition are brought back into the 
1 definite form and positions which the chromosomes occupy in the karyo- 
kinetic figures has been left undetermined. Boveri (lo, ii) puts the 
question as to the possible nature of these structures clearly, but is com- 
pelled to resort to numerous accessory hypotheses in order to account 
for the r^^arity with which the chromosomes reappear in the same 
positions and number after their apparent total disintegration in the 
resting reticuliun and the certainty with which each daughter chromo- 
some is found attached to one, and only one, of the poles of the spindle. 
He assumes a peculiar affinity on the part of each daughter element by 
which it is predetermined that the fibers from a particular pole will 
become attached to it, and, further, that there is an especial handle 
(Henkel) on each daughter chromosome, by which alone the fibers may 
become attached to it ; if a fiber from one pole has once gotten hold of 
the handle on one daughter chromosome, those from the other pole 
are excluded from it ; and, further, other fibers from the same pole are 
unable to get hold of the handle on the other daughter chromosome of 
the same pair, etc. It is hardly necessary to remark that the com- 
plexity of the mechanism by which such a series of affinities and capaci- 
ties could be brought into effective action is well-nigh inconceivable. > 
Boveri, in 1888 (10), and again in 1897 (11), decided against the pos- 
sibility of a permanent connection between centers and chromosomes! 
in favor of the above hypotheses, and reaffirms his old position in his \ 
most recent contribution on this subject. 

It is further interesting to note that the theo ry of the polarity of 
the cell which has perhaps been most disctrssed m recent years — that 
oi neidenhain (41)— leaves entirely untouched the question of the 
organization of the nucleus, and further assumes not only that there is 
no permanent connection of the central body with the nucleus, but that 
the organization of the cytoplasm is entirely independent of that of the 
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nucleus in the resting condition. The nucleus lies in the cytoplasm as 
a ball pushed between the organic rays, none of which are connected 
with it. Heidenhain (41, p. 504-505) avowedly leaves untouched the 
question as to how the spindle fibers become attached to the chromo- 
somes, but is positive that there is no fixed relation of position or con- 
nection between the nucleus and center in the resting condition. He, 
plainly feels the weakness of his position on this point, and resorts to 
a doubtful analogy in pointing out that the discontinuity of nucleus and 
center in the resting condition, which passes over into a continuity in 
mitosis, is no more difficult to understand than that independent cells, 
*. e., muscle and nerve, may become connected in ontogeny. 

Heidenhain's mechanical theory thus breaks down at a critical 

point. The system of organic rays is strictly a cytoplasmic system, 

and yet the most important process in mitosis is the division of the 

jlchromosomes. Rabl had both these factors of cell organization in 

Imind, but his own observations were directed most successfully to the 

[establishment of the polarity of the nucleus. In view of these facts it 

■is hard to see the basis for Heidenhain's low estimate of Rabl's work 

(41, pp. 698-702). 

Against the sweeping contentions of Boveri and Heidenhain there 

is, none the less, an abimdance of evidence to be found in the work of 

some of the best students of the animal cell. Meves (63, p. 47) holds 

that the connections between centrosomes and chromosomes by the 

/ y so-called mantle fibers in the spermatocytes of the salamander are visi- 

f |ble much earlier in the prophases than Hermann (43) admits, and 

I accepts the conception that the mantle fibers arise directly from the 

\ I linin network. Kostanecki (53, 54), developing still further the con- 

I ception of a system of organic rays advanced by Heidenhain, holds that 

f all the fibrous elements of the karyokinetic figure are reproduced by 

If longitudinal division during mitosis, and regards each ray and spindle 

, fiber as a permanent cell structure. 

^ I Conklin, who has studied the mutual relations of the cell structures 
more fully than any other investigator and has shown the relative posi- 
tions of nucleus, centrosome, sphere substance, etc., through the resting- 
stages as well as in karyokinesis, holds (17, p. 106) that it is evident 
that some kind of connection exists at all stages of the cell cycle between 
the centrosome and the nucleus. He further states that "whether 
this connection during the rest is in the form of fibers (possibly a per- 
sistence of those which previously connected centrosome and chromo- 
somes) or is the expression of some other mechanical action or of 
chemotropic attraction, does not appear from my studies." Conklin 
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maintains (17, p. 108), also, that in the rotations which occur in the 
telophases the centrosome and sphere and the nucleus present their 
same sides to each other throughout. 

Of the more prominent workers on the subject of the mechanism 
of karyokinesis who have obtained positive evidence of a permanent 
connection of the nuclear content with the centrosome may be men- 
led Rabl, Flemming. Meves. Kostanecki, and C onklin. Those who 
believe that the contractile fibers each time form a newlfoMiection with 
the chro moso me include Van Bened en. Boveri. Hermann, Druner, and 
many other recent students of nuclear division in animal cells. 

Montgomery (65) and Paulmier (75) hold that the connection of 
the spindle fibers with the chromosomes persists between the first and 
second maturation divisions. Boveri (13) also accepts this view and 
believes that thus the chromosome reduction is effected in the second 
division, regarding this case as an exception to the general rule. Paul- 
mier holds that in the first division the spindle fibers arise by a special 
orientation of the linin of the nucleus. 

Jenkinson (50), who has approached the question with quite differ- 
ent preconceptions as to cell structures, and whose results are certainly 
unreliable on many points, finds that in the origin of the cleavage spindle 
of the axolotl the membrane of the sperm nucleus appears weakened or 
wanting on the side where the centrosome first appears, and that the 
centrosome is here so close to the nucleus as to appear as if emerging 
from it 

THB NUCLEAR FUSION IN THE ASCUS. 

The evidence from the series of figures showing the nuclei of the 
ascogenous hyphae in their later stages of development, as g^ven above, 
indicates that the fusion of the nuclei in the young ascus does not result 
in doubling the number of chromosomes as they appear in the succeed- 
ing divisions, and in this respect this nuclear union differs fundament- 
ally from any sexual fusion of nuclei in the higher plants or animals 
in connection with which the chromosome number has been yet estab- 
lished. There is no visible doubling of the number of chromosomes in 
the ascus, and while we must assume that the combining chromosomes 
maintain their identity, the centers unite so intimately that at least 
nothing of a double organization is visible. On the other hand, the 
fusion of the ascus is followed at once by a synapsis stage and a triple 
instead of the ordinary double division of the spore mother cell. We 
have thus an immediate apparent reduction of the number of the chro- 
mosomes by one-half, the 16 chromatin strands of the fusing nuclei 
appearing as 8 strands in the spirem stage of the fusion nucleus and 
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as 8 chromosomes in the equatorial plate a little later. Doubtless in 
the lower algae and fungi cases of sexual fusion, followed by immediate 
reduction, may exist, but not in connection with any such elaborate 
differentiation of fruit-forms as we find in the conidia and ascocarps 
of the Ascomycetes. 

In the oogonium of the mildew, on the other hand, the fusion of 
sexual nuclei from separate gametes is not followed by any evidence of 
reduction processes, but results in a vegetative growth plainly com- 
parable to the development of a sporophyte generation, as has so many 
times been suggested by the older authors. I have not been able so 
far to count the chromosomes in the fertilized egg-nucleus, but in the 
growth of the ascogonium and ascogenous hyphae before the ascus is 
formed there is no evidence of the existence of any synapsis stage or 
special double division, such as is now universally recognized as asso- 
ciated with the process of chromosome reduction. We shall see al so 
that there is evidence for belieJviiTg that the chromosomes of the nuclei 
which fuse in the ascus are already bivalent structures as a result of 
the previous nuclear fusion in the oogonium. 

^^ We must note, as bearing on this point, that while the process of 
fertilization, in all cases where it has been thoroughly investigated, is 
the formation of a cell with the double number of chromosomes, the 
combination of these chromosomes in the single nucleus may be either 
immediate or a more gradual process, as is conspicuous in the embryos 
of Cyclops; and Blackman's (8) and Christman's (15) interesting dis- 
coveries in the aecidium of the rust show that the final combination of 
the nuclei may be delayed through an indefinite number of cell genera- 
tions. The ultimate fusion in this case seems to be associated with the 
process of chromosome reduction and the development of spores. 

Blackman's discovery of his so-called vegetative fertilization in the 
aecidium of the rusts, bearing as it does on the whole question of the 
homologies and relationships of the higher fungi, as well as on the 
general question of fertilization and alternation of generations, is cer- 
tainly of the highest importance. With his account and that of Christ- 
man we may believe that the historic question as to the sexuality of the 
aecidium is finally settled. Blackman finds that the basal cell of each 
row of aecidiospores in Phragmidium violaceum is fertilized by the 
migration through its wall of a nucleus from a neighboring cell. The 
pronuclei do not fuse, but divide by conjugate division, and thus the 
cycle of binucleated cells which terminates with the nuclear fusion in the 
teleutospore is beg^n. There is no wide communicating pore between 
the gametes, as found by Blackman. The nucleus passes through the 
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wall without leaving a trace to indicate its path. The fertilization is 
accomplished by the nucleus alone. 

Christman's (15) further discoveries in the same line and on a 
related species form a most valuable extension of Blackman's results. 
In Phragmidium speciosum Fr. Christman finds an actual and typical cell 
fusion at the base of each row of aecidiospores. The fusion is between 
vertical hyphal cells whose bases diverge below, indicating that they 
arise from quite widely separated hyphal branches. The fusing cells 
are equal in size, and it is as an outgrowth of their combined apices that 
the row of aecidiospores takes its origin. Here, again, the nuclei of the 
gametes do not fuse, but divide simultaneously to form the pairs of 
nuclei found in the aecidiospores. 

I shall have occasion to return to Blackman's and Christman's 
results in other connections. Here we are chiefly concerned with the 
fact that the time and degree of the visible combination of the sexual \ 
prochromosomes is a variable matter. If the prochromosomes can \ 
remain either in one nucleus with double chromosome number or in two 
distinct nuclei through part or all of the sporophyte generation, it is 
also possible that they may combine in one nucleus into bivalent chro- 
mosomes and maintain their identity in this condition through the spo- / 
rophyte generation till a true reduction occurs in spore formation. It \ 
is certain that with the nuclear organization described above the indi- I 
vidual chromosomes must be permanent structures, and that for every { 
chromosome unit which enters a given nucleus a corresponding chro- 
mosome unit must reappear in the division of that nucleus. 

I have already (37, pp. 677-678) advanced the view that the forma- 
tion of the primary nucleus of the ascus and the succeeding divisions 
may correspond morphologically to the process of spore formation at 
the end of the sporophyte generation in the ordinary cases of alternation 
of generations. With the evidence presented above, that a reduction 
of the number of chromosomes occurs in the formation of the primary 
nucleus of the ascus, the evidence that the ascus, like the spore mother 
cell of the moss or fern, represents the close of a sporophyte generation 
is apparently strengthened; still, it is plain that, since the nuclei that 
fuse in the ascus are themselves products of a nuclear fusion in the 
oogonium which must double the chromosome number, we must look 
further for a complete explanation of the processes here involved. 

I shall present further evidence on this point later ; but whether we 
accept or reject the evidence for the existence of an alternation of gen- 
erations in the Ascomycetes and their probable congeners, the Florideae, 
the problem as to the nature of nuclear fusion in the ascus still remains. 
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The problem is not more difBcult, perhaps, in the case of the fusion 
in the ascus than in that of the fusion of the polar nuclei and the second 
sperm nucleus m the embryo-sac, or the second nuclear fusion described 
by Chmielewski ( 14) as taking place in the formation of the zygospore 
in Spirogyra, or the fusion vegatative nuclei in endosperm cells (87) , 
or the experimentally induced nuclear fusions observed by Nemec (70) 
in root cells. It must be admitted that there has been so far no general 
agreement as to either the morphological or physiological significance 
of any of these processes, and doubtless we need more facts as to the 
relation of the nucleus to other processes in the cell besides fertilization 
before a final solution can be reached. It is a question, further, how 
much any two of the individual cases mentioned have in common. 
Each may well be, to a considerable extent, the reaction of the nuclei 
to different conditions and with quite different results for the cell. 
With the exception of the second fusion in the zygospore of Spirogyra 
they have, however, one very striking point in common. They all occur 
in cells whose dimensions are, or become, greater than those of the ordi- 
nary cells with which they are associated. This is strikingly true of the 
ascus, which, as I have pointed out above, is gigantic in size compared 
with any other cells of the mildew. Into it are poured, for the forma- 
tion and nutrition of the spores, all the surplus food materials accumu- 
lated in the vegetative cycle of the fungus. The injection of this 
immense amount of food material into the cytoplasm and its consequent 
rapid growth leads naturally to the expectation that a correspondingly 
large nucleus must be formed ; and, as I have pointed out above, the 
nucleus of these ascus cells is actually as much greater than the ordinary 
vegetative nuclei as the ascus is larger than the vegetative cells. 

My studies of the nuclear processes in the ascus have from the 
first led me to the conclusion that the nuclear fusion in the voim fiLascus 

^ was correlated in some way with the vegetative deydopment of Jhe rela- 
tively ^i^antic size of the ascus as compared with other cells of the fun-- 
gusj and in these facts of relative size I am convinced we have a basis 

"^or correlating these cases of nuclear fusions with the broader facts as 
to the relation of nuclear dimensions to cell dimensions which have been 
frequently noted and recently have been g^ven striking experimental 
demonstration by Gerassimoff, R, Hertwig, and Boveri. The fact that 
large cells in general have large or numerous nuclei and that small cells 
have small or few nuclei is well known, but that this relation is funda- 
mental and necessary was first shown by the experimenters just named. 
We may note, first, Gerassimoff's (26-29) results. As is well 
known, by ingenious experimental methods— cooling while cell division 
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is going on, etc. — Gerassimoff has been able to check the normal course 
of cell division in filaments of Spirogyra and to produce binucleated 
cells or to cause the fusion of the two daughter nuclei into a single pro- 
portionately larger nucleus. In either case the result is the same. The 
cells with the larger nuclear mass increase in size beyond the norm for 
the species to which they belong. These enlarged cells divide, and 
thus filaments are formed whose cells are all above the normal in size. 
In the binucleated cells with two fully developed nuclei the latter tend 
ordinarily to repel each other (29, p. 73) to the extent necessary to main- 
tain their mutually symmetrical position in the central region of the cell. 
Still, if the cells are weakened or starving, the nuclei may approach 
each other and apparently tend to combine. Gerassimoff concludes 
(29, p. yy^ that the cells of Spirogyra possess the ability to compensate 
for any disturbance of the quantitative equilibrium between the mass of 
the nucleus and that of the remaining components of the protoplast by 
varying their rate of cell division. Increase of nuclear material leads 
to a delay of cell division and a relative diminution of nuclear material 
in the daughter cells. On the other hand, lack of nuclear material is 
followed by increased frequency in cell division. It should be remem- 
bered that other methods might lead to the same result, and if the main- 
tenance of an equilibrium between nuclear and cytoplasmic masses is 
a fundamental necessity for the cell, it may be expected that in different 
cases different means adapted to the special conditions of the individual 
cells or organisms will be found in operation. 

R. Hertwig (44, 45) has reached results similar to those of Geras- 
simoff in his experiments with cultures of certain Protozoans (Actino- 
sphaerium, Dileptas) . He finds that lack of food leads to a reduction 
of the volume of the cytoplasm ; the nuclei shrink and a certain pro- 
portion of them actually disintegrate. The nuclei of Actinosphaerium 
may thus be reduced from several hundreds to one or two. In overfed 
individuals the reverse is true. It is thus shown that the regulative 
function is a reversible one. Experimentally achieved increase of the 
nuclear mass in Spirogyra leads to the enlargement of the cytoplasmic 
mass. Reduction of the cytoplasmic mass by starvation in Actino- 
sphaerium leads to a reduction of the nuclear mass. Boveri (12) has 
also shown by experiments, in which he fertilized both nucleated and 
non-nucleated fragments of the eggs of sea-urchins, that those with the 
abnormally reduced amount of nuclear material produce larvae with 
smaller but more numerous cells. By shaking the sea-urchin eggs just 
after fertilization he was able also to achieve the same result as did 
GerassimoflF for Spirogyra. The daughter chromosomes after their 
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formation reunite to form a single nucleus with a doubled number of 
chromosomes — 72 instead of 36. The result is identical with that in 
Spirogyra. The larva produced from an egg so treated has abnormally 
large cells. Boveri further observed that in all these variations the 
superficial area of the nucleus and not its cubic content is proportional 
to the number of chromosomes in it. 

On the ground of a general consideration of the relations of nuclear 
and cytoplasmic masses, as well as his own, Gerassimoff s, and Boveri's 
experimental results, Hertwig (45) extends these conclusions to all 
cells as ^ general la w of cell organ ization, which he calls the principle 
of the nu cleo-cyto plasmid Wljttion. Nuclear masses and. jrjtoplasmic 
masses strive always to maintain a definite propoSTongJati^itt AJ^licJ^hey 
are hr equilibrium. Any increase In Hie Tnass of either tends toward 
producing a corresponding increase in the other; a reduction in one 
necessitates a reduction in the other, in order that the nucleo-cjrto- 
plasmic equilibrium may be maintained. Hertwig considers this rela- 
tion as one chiefly of mass, but it is plain that other factors are also 
involved. A mere equilibrium of mass could be attained in the starving 
Actinosphaeria by an equal and proportional reduction of each nucleus, 
but instead of this the object is gained by the total destruction of certain 
nuclei and the survival of others. In Spirogyra, also, the equilibrium 
in the binucleated cells at least might be established by the later com- 
pletion of the cell division which was artificially interrupted. It is 
plain, then, that^ factors are^resent in th^^ which tend not only 

to establish a defi nite nucle o-cytoplasmic^ relation of mass, but which 
also determine the, method by which this^cpnditiQn of equilibrium is 
brought about. Equilibrium in the nucleo-cjrtoplasmic relation in the 
case of enlarged cells may be brought about either by the presence of 
two or more small nuclei or by the formation of a single nucleus of 
proportionally greater size. 

If we now compare the cell-reactions experimentally discovered 
by Hertwig and Gerassimoff with those prevailing in the normal devel- 
opment of the ascus, we shall find a striking similarity in all character- 
istic features. We may consider first the ascus of the mildew. 

The ascus is to be developed as a relatively large cell to serve as 
a storehouse, with an abundant supply of material for the formation 
of ascospores ; and in order that the nucleo-cytoplasmic equilibrium may 
be maintained, it must be provided with an excess of nuclear material 
as compared with the other cells of the ascogenous hyphae and the asco- 
gonium. There are several stages in this differentiation of the ascus 
as to its nuclear content. It is binucleated from the first, while the 
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Other cells mentioned are uninucleated ; and, further, its two nuclei fuse A 
with the union of all their corresponding parts to form a single larger! 
nucleus, which in turn grows with the further growth of the ascus. 

The binucleated condition of the younp asc us. we may conceive, 
is due to an jflhibJtJglL P.Lcell division, du e in turn, perhaps, to a cul- 
'minatibn in the process of extra feeding of the ascogenous cells, which 
the whole structure and development of the ascocarp is calculated to 
bring about. Cell division and nuclear division are quite independent 
processes in^ejlj^yfilopment of the ascogonmm and ascogenous hyphae, 
aswe Have seen above. For a time the ascogonium and tKe^ascogenous 
hyphae, in their rapid growth, are multi-nucleated, but in the end cell 
division overtakes nuclear division and the whole system comes to con- 
sist of uninucleated cells, except the cells which are to become asci. 
The binucleated condition remains in them simply because cell division 
is inhibited at just this stage of development. It seems probable that ' 
these ascogenous cells are differentiated as such simply on the basis of 
their more favorable position for nutrition, and that this excessive nutri- 
tion is the stimulus which inhibits cell division. 

It is a frequently expressed conception that the stimulus to cell 
division is g^ven in a certain maximal size of the cell, which, when it is 
attained by the growth of the daughter cells, results in certain tensions 
which set in operation the mechanism of karyokinesis. Shaper (85) has 
pointed out that increased volume results in a relative diminution of the 
surface area as compared with the mass of the cell, and since all nutrition 
comes through the surface, a stage will be reached when assimilation 
and dissimilation will balance each other and growth will cease. Cell 
division now occurs, and by the formation of two smaller daughter cells 
a relation of volume and surface area favorable for growth will again 
be established. Considering the growth of the animal egg, Lubosch 
(58) points out that the special provisions for its nutrition, nurse cells, ( 
etc., may have the effect of inhibiting cell division by furnishing such / 
a rich food supply that the relative diminution of absorbing surface will A 
be more than counterbalanced and the cell may continue to g^ow with- / 
out dividing as long as the excessive food supply is available. The case / , 
of the ascus is similar, and it seems entirely reasonable to assume that / 
the excessive food supply prevents the separation of the two nuclei in I 
the young ascus by the formation of a cell wall. The relative excess » 
of nuclear material thus accumulated favors the further growth of the 
cytoplasm independently of the rate of food supply, and thus we get 
further rapid increase in size of the ascus cell. We have thus, in the 
formation of the ascus, a definite change in the habit of growth of the 
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ascogenous cell. While in the growth of the v^etative hyphae, the 
formation of sexual cells and the development of the ascogonium and 
ascogenous hyphae nuclear division are followed by cell division, so that 
uninucleated cells are formed, we have here a stage in which cell division 
does not occur between the two nuclei of certain cells, and the two 
nuclei remaining in the same cell mass fuse into one. Gerassimoff (26) 1 
induced the interruption of cell division by suitably regelated inhibitive / 
stimuli (chilling, anesthetizing). The inhibition is self-induced in the/ 
mildew by the operation of factors which are directed to the production/ 
of a large cell with abundance of material for the formation of spores. / 

But whatever the factor or factors may be which inhibit cell division 
and thus leave the young ascus with two nuclei, this condition results 
exactly as in Gerassimoff's binucleated Spirogyra cells and Boveri's 
sea-urchin eggs with the double number of chromosomes. The rela- 
tive excess of nuclear material facilitates the rapid growth of the ascus 
in size. The cells of Spirogyra do not complete the interrupted division 
and thus reestablish the nucleo-cytoplasmic equilibrium, but grow larger, 
not by pathological hypertrophy leading to death, but in a normal fashion 
which permits of their indefinite further division and growth. The 
ascus shows exactly the same physiological reaction to its increased 
nuclear content. It immediately grows to a far greater mass than that 
of any of the other cells of the ascocarp or mycelium. The evidence 
is thus very strong that the doubling of the nuclear mass in the young 
ascus is merely a preliminary to that growth of the ascus which is neces- 
sary for its functioning as a spore-sac. The whole process is thus placed 
Jin the category of nucleo-cytoplasmic regulations which are concerned 
iwith maintaining an equilibrium between the factors of assimilation and] | 
[division in the cell. 

It is doubtless true that nucleo-cytoplasmic equilibrium is achieved 
many times by an increased number of nuclei in the cell without their 
fusion, especially in the algae and fungi. This is plainly the case in the 
multinucleated perithecial cells of the mildews themselves and in the 
multinucleated hyphae and reproductive cells of Pyronema and Asco- 
bolus. In both of these latter cases increased size as well as increased! 
number of the nuclei especially characterize the large oogonia and the I 
ascogonia. In the multinucleated endosperm cells and in Nemec's (70) 
binucleated root cells fusion may occur at once or the nuclei may remain 
independent and divide again, whereupon nuclear fusion may occur. In 
Gerassimoff 's (29) experiments fusion of the nuclei might or might not 
occur. Hence it seems to be a matter of relative indifference, which 
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may be determined by minor factors in each case, whether the nucleo- 
cytoplasmic equilibrium be established with or without nuclear fusion. 

Nemec (70) has pointed out that the fusion of nuclei, far from 
always having a sexual significance, may well be considered in many 
cases merely as a consequence of the inclusion of two nuclei in the 
same cytoplasmic system, and that the maintenance of many nuclei in 
the large vegetative cells of the algae and fung^ may be for the purpose 
of distributing the nuclear material through the cell, so that its relation 
to growth and metabolism may be more perfectly and readily main- 
tained — a view which appears taM.gfflei^nxacce^edJby^^t^ 
of coenocytic cells. On the basis of his own experiments he further^ 
conten3s tKat 3ie cell fusion and not the nuclear fusion is the essential 
feature in sexual reproduction, and that the fusion of the pronuclei also 
may be regarded as in the nature of a necessary sequence of the cell 
fusion without thereby detracting in any degree from the important 
physiological significance of the former. Blackman's (8) and Christ 
man's (15) discoveries in the secidium, discussed above, support this 
view unequivocally. In the light of these results we are bound to 
elude that in the rusts the process of nuclear fusion is associated 
the process of chromosome reduction rather than with fertilization 

Nemec has further observed (70) that these non-sexual fusions in the 
root cells result in doubling the chromosome number, which, however, 
is later apparently reduced again to the normal number for the sporo- 
phyte. This reduction, he concludes, is an autoregulative function. 
In tfie ascus the nuclear fusion, as I have described above, results in an \ 
immedlSS^ppafeiS^Te^^ number. That the 

Teductiorrir immediate in the asciis and occurs somewhat less promptly 
in the root cells may well be due to the fact that the whole process in 
the latter demands new adjustments, while in the ascus it is normally 
recurrent at a definite point in the life cycle and may well have been 
perfected in its operation by selection. 

The nucleus of the ascus under normal conditions, since, as we J 
shall see further on, it pres umptively mu§t contain quadrivalent chromo - / 
S OTies with out therebyTiaving its o wn apparent number increased, must I 
be considere3 to Beln'a'sense^liypertrophied as to its chromatin content 
when compared with the ordinary nuclei of the mildew. As noted also, 
the whole f tmgus pours its excess of nutriment into the ascus, and both 
nucleus and cytoplasm increase greatly in size. The condition is pos- 
sibly parallel to that of the nuclei in Hertwig's (44) cultures of Actinos- 
phaerium, which he kept for long periods under conditions of over- 
feeding. In such cases he was able to observe that the hypertrophied 
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nuclei underwent changes which resulted in part of their content being 
thrown out into the cytoplasm as brown pigment granules. It is inter- 
esting to note in this connection that the abundant highly stainable gran- 
ules which I have described as present in the ascus of Ascobolus and 
Peziza (35, p. 71), both around the nuclei and scattered in the cyto- 
plasm, originate, according to the recent interesting investigations of 
Guilliermond (34), in the neighborhood of the nucleus. Guilliermond 
does not believe that the granules arise directly from the nucleus, but 
thinks it may play an indirect role in their secretion. It is not impos- 
sible that the formation of these granules in the ascus may be closely 
related to the formation of pigment granules described by Hertwig. 
Ikeno (47) has described a throwing out of chromatin material in the 
case of the nucleus of the ascus of Taphrina, which may be of a similar 
nature. 

In the further development of the ascus we are confronted with 
the peculiar fact that nuclear growth continues and nuclear division is 
inhibited from a period prior to nuclear fusion in the young ascus till 
^he latter is mature and ready for the formation of spores. This con- 
dition is in sharp contrast with the fact that in all the vegetative devel- 
opment of the mildew and the development of the ascocarp, up to the 
formation of the young ascus, nuclear division has always recurred at 
intervals such as would prevent the growth of any single nucleus beyond 
the normal size for either vegetative or reproductive cells. We have 
concluded above that the rich nutrition of the ascogenous hyphae inhibits 
cell division and leads to the formation of the young asci with two 
nuclei. This condition makes possible a considerable growth of the 
ascus before the condition of nucleo-cytoplasmic equilibrium is reached. 
Soon, however, the nuclei continue their growth in size, and this process 
continues, as noted, through the process of fusion and after it till the 
ascus has reached practically its mature size. The nucleo-cytoplasmic j 
I relation is thus maintained by the development of a single large nucleus I 
irather than by the formation of many smaller ones, as is elsewhere so^' 
•commonly the case in the fung^. 

If we seek, now, the cause of this relatively long inhibition of 
nuclear division, we may note the interesting fact that the inhibition 
lasts only until the ascus has reached its maximum size, when we may 
conclude that the rich supply of food which has been poured into it 
from the mycelium begins to diminish. With this check in assimilative 
processes, reproductive activity is at once reinaugurated and the ascus- 
nucleus divides three times in rapid succession, cell division follows, 
and the ascospores are formed. It seems justifiable to conclude that 
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the excessive assimilative activity in the ascus has inhibited nuclear 
division just as in its earlier stages excess of nutrition inhibited cell 
division to the extent of leaving the young asci with two nuclei. 

In the process of spore formation we have again a most striking / 1 
example of the controlling influence of the so-called nucleo-cytoplasmic // 
relation. The nucleus of the ascus divides to form two daughter nuclei, 
and these in turn divide successively to form eight nuclei; but in 
thus passing from the uninucleated to the multinucleated condition the 
nucleo-cytoplasmic equilibrium is maintained. The two daughter nuclei 
are proportionally smaller than the mother nucleus, and the four and 
eight nuclei in the end bear approximately the same relation to their 
cytoplasmic masses as did the primary nucleus of the ascus to the cyto- 
plasm of the entire ascus. The two nuclei which become the centers 
for the formation of spores grow to a somewhat larger size than the 
remaining six, and accordingly the mass of cytoplasm included in the 
two spores is more than one-fourth of that in the entire ascus. 

A careful study of the processes involved in the development of the 
ascus leads thus to the conclusion that it is in its nature as a spore- | 
producing organ that we find the explanation of the various nuclear and j 
growth phenomena which characterize it. By inhibition of cell division | 
at a certain stage in the development of the ascogenous hyphae the ascus ! 
is formed as a binucleated cell, and the excess of its nuclear content \ 
makes possible a proportionate development of its cytoplasm. Its nuclei 
grow and fuse and nuclear division is further inhibited, and thus the 
relatively enormous size of the uninucleated ascus cell is atained. With 
the diminution of food supply nuclear and cell division are resumed and 
the uninucleated ascospores are formed, in which, again, the nucleo- 
cytoplasmic relation is also maintained. 

A comparison of the processes thus described and analyzed with \ 
those associated with fertilization elsewhere makes it still clearer that I 
the development of the ascus can not in any sense be compared with| 
that of the egg. Much attention has been devoted to the problem of 
the conditions which lead to the formation of the immense yolk masses 
of some animal eggs and the relation of yolk formation to the size of 
the germinal vesicle. There is no question that we have here an illus-| 
tration of the principle of the nucleo-cytoplasmic relation, but in every! 
case the growth of the yolk mass is a purely vegetative process and is \ 
the preparation for fertilization. In the ascus nuclear fusion is followed 
by inordinate growth in the mass of the cell. (Compare figs. 37 to 39, 
which are magnified 2250, with figs. 53 and 54, which are magnified 
1500.) With the possible exception of a few of the algae, in which 
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the nuclear phenomena are yet to be determined with certainty, the 
tmion of the male and the female pronuclei is nowhere followed by such 
a growth. Fertilization is the signal for rapid nuclear division, fol- 
lowed at once or later by cell division, except in cases where the fertil- 
ized egg is to serve as a resting stage. Dangeard's own theory of sex- 
uality, based on the character of the gametes in the lower g^een algse, 
is entirely opposed to the assumption that the fusion in the developing 
ascus is equivalent to an ordinary union of sexual pronuclei. On the I 
other hand, the growth phenomena of the ascus are just what would/ 
be expected in a highly specialized spore mother cell. 

It is possible that the nuclear fusion in the ascus, arising wholly 
as I have described above in connection with the maintenance of the 
nucleo-cytoplasmic equilibrium in the large ascus cell, may still fimc- 
1 tionally satisfy in some minor degree the requirements of a sexual 

(fusion in case, in the course of development, it should be brought about 
that the nuclei which so combine arise from a widely separated nuclear 
ancestry. I have discussed this possibility in connection with both the 
Basidiomycetes and the rusts in former papers (40a and 46), and have 
pointed out that it is possible, though not at all proven, that the fusions 
in the basidia and teleutospores may in some degree have functionally 
replaced a true sexual union of nuclei, though occurring at the close of 
a sporophyte generation. This, of course, does not mean that in any 
sense whatever basidia or teleutospores can be considered as morpho- 
logically equivalent to oogonia, nor that the series of cells from which 
they arise are morphologically a gametophore, as Dangeard maintains. 
Blackman's and Christman's discoveries show beyond all question that 
the morphological equivalents of the oogonia and antheridia of other 
related fungi and algae are not the teleutospores formed at the end of 
a long series of binucleated cells. In the conjugating cells at the base 
of the rows of aecidiospores we find the real equivalents of the sexual 
cells elsewhere. Blackman's fertile cell is doubtless a modified egg cell. 
The other cell of the pair we must conclude is a new structure which 
has taken on a sexual function, since the spermatia, which are doubtless 
the equivalents of the male cells of other groups, are still in existence in 
the rusts. This carries with it the further conclusionJliatthe processes 



1 in the teleutospore and basidium forni a parallel to those found in the 
spore mofHeri^ens of higher planfs^ ^ ^ ~'~"" " 

Blackman on this basis denies all sexual significance to the fusion 
in the teleutospore and considers the binucleated cells of the uredo and 
teleuto mycelia as entirely equivalent physiologically, as well as mor- 
phologically, to the uninucleated cells of the sporophyte of the higher 
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plants, since both contain the double number of chromosomes. While 
this is possible, I doubt if the evidence proves quite so much. The 
tendency certainly exists among the most recent students of reducing | 
phenomena, accepting the suggestions of De Vries (96) and still earlier J 
evidence from the side of the zoologists (65, 66), to assume that the I 
entire interchang eof hereditary units^pr of hereditary influences between/ 
ma le and f emak^irofhdsomg^^ place in synapsis ^iFTthe associated/ 

^jtajges. With this view it is a matter of indifference,- aSBlacklnan main-| 
tains, whether the nuclei of the gametes combine into one early or late 
in the life of the sporophyte. One nucleus with the double number of 
chromosomes is exactly the equivalent of two distinct nuclei which 
divide by conjugate division. Still, it is to be questioned whether this 
is actually the case physiologically. It may very well be that the male 
and female chromosomes in the nuclei of the sporophyte of the higher 
plants, though maintaining their individuality as permanent structures, 
can still exert chemical or other influences upon each other in some 
degree as a result of their close association in the same nuclear cavity, 
whether or not an actual interchange of substance occurs between them. 
The facts of bud variation, adaptation to environment, and other modi- 
fications occurring during the life of the individual suggest that this 
may be the case. If such interchange takes place in a fusion-nucleus 
and does not occur in a binucleated cell arising from conjugate division, 
then the fusion in the teleutospore may mean more than the reduction 
process found in the spore mother cells. A result which is achieved 
immediately in the union of the nuclei of the sperm and egg, or later 
during the association of the male and female chromosomes in the sporo- 
phyte, may here be accomplished at the stage of chromosome reduction. 
It may be that the nuclear fusion everywhere means more than a mere 
preliminary adjustment making ready for reduction. I am inclined to 
think that this is the case and that the fusion in the teleutospore may 
involve in some degree the changes resulting from sexual union beyond 
those which arise from such a cytoplasmic fusion as results in the binu- 
cleated cell, as described by Blackman and Christman. 

The question further arises, granting that this difference between 
reduction phenomena in spore mother cells and the processes in the 
teleutospore exists, whether it is of such a nature as to replace in any 
degree, when the nuclei which fuse come from a separated ancestry, 
the ordinary sexual conjugation of cells and nuclei as they are found 
elsewhere in algae and fimgi. There seems no doubt, in view of Miss 
Nichols's (71) results, that in certain Basidiomycetes the origin of the 
binucleated cells is not found in any such definite structures or at any 
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such fixed point in the life cycle as in the rusts, and that in this respect 
the Basidiomycetes represent a further stage in development following 
the condition described in the rusts by Blackman and Christman. There * 
lare two possibilities as to the causes that have led to this further stage ^■■ 
' in development. Either sexual reproduction by the union of differen- 
tiated gamete cells is gradually disappearing under the influence of the 
particular habits of life of the,fung^,the conditions in the higher Basidio- 
mycetes representing a further stage in this process, or the new proc- 
esses of conjugate division, followed by nuclear fusion, in connection 
with chromosome reduction at the close of a sporophyte generation, has 
tended to replace the earlier sexual fusion. Blackman is of the opinion 
that such fertilizations by vegetative cells, as he finds in Phragmidium, 
will also be found in the higher Basidiomycetes, but Miss Nichols has 
made it plain that, for certain forms at least, no such assumption is at 
all probable, and it is further possible that there are reduced forms 
among the rusts in which the same condition prevails. 

On either of the above hypotheses such forms are possible, and if 
the second hypothesis is accepted we have the key to the explanation 
of the phenomena involved in the two nuclear fusions found in the 
mildews, Pyronema, and presumably other Ascomycetes. I have pre- 
sented above the evidence that nuclear fusion in the ascus arises in con- 
nection with the processes involved in the maintenance of the nucleo- 
cytoplasmic relation during the development of the relatively enormous 
size of the ascus cell, and have pointed out that in its origin in this 
fashion it has nothing to do with sexual reproduction in any respect. 
If, however, we may assume that, with the development of a separate 
ancestry for the fusing nuclei by simultaneous nuclear division, as found 
in the bent-end cells of the ascogenous hyphae in Pyronema and, accord- 
ing to Maire, in a series of binucleated ascogenous cells in Galactinia 
and Acetabula (see also 31), the process has gained in some degree a 
functional equivalence for sexual fusions, we can further asstmie that 
this condition, perhaps working together with other influences such 
as have led to parthenogensis in other fungi, has made possible the 
occurrence of parthenogenesis or even apogamy in such Ascomycetes, 
for example, as Pleospora and Teichospora. Such conjugate nuclear 
division would originate, not as it apparently does at present in the 
rusts through the failure of the pronuclei to combine in one, but in 
connection with the development of the spore mother cell, as in Pyro- 
nema. From this point we might expect the process to work back 
in the ascogenous hyphae, as it appears to be doing in Galactinia and 
Acetabula. Ultimately it might reach the egg-cells and result in the 



NUCLEAR FUSION IN THE ASCUS. 75 

condition found now in the rusts. Briefly, the hypothesis involves that 
the development of conjugate nuclear division and the maintenance of 
separate lines of nuclear descent in the ascogenous hyphae might tend 
to give to the nuclear fusions in the ascus a sexual value in addition to 
their original and more fundamental significance in maintaining the 
nucleo-cytoplasmic relation in the enlarged ascus cell, and that thus, in 
turn, parthenogenesis, and later even apogamy, may have resulted in 
forms in which conjugate nuclear division in the ascogenous hyphae 
had become established. Such an hypothesis as to the possible dis-j 
appearance of the fusion of sexual gametes and its replacement by I 
the independent fusion in the ascus of nuclei of separated ancestry 1 
carries with it no implication that the ascus has become the morpho- 
logical equivalent of an oogonium. The fusion in the ascus would be 
only analogous to and not homologous with a true sexual fusion, nor 
would this hypothesis affect in any way our conception of the mor- 
phology of the ascocarp. The ascus is a new structure which originated 
as an outgrowth of an ascogonium, which in turn was produced by the 
germination of a fertilized egg. The two fusions must be expected to 
coexist for a time in the same life cycle, as is actually the case in all 
Ascomycetes whose nuclear history is fully known. 

As I have pointed out before, it still remains to determine how 
many such cases there are among the Ascomycetes and whether the 
genera mentioned are really apogamous or parthenogenetic or, as 
Blackman's discovery suggests, whether they may not possess a fertiliza- 
tion by the migration of vegetative nuclei in their initial cells. It is 
certainly most highly desirable that we should have a full account of 
the development of the ascogenous hyphae and the behavior of the 
nuclei in some such type. In the case of the forms referred to above 
also, in which Maire (59, 60) has reported that the asci arise from a 
series of binucleated cells, this series in one case taking its origin in a 
recurved hyphal tip such as usually gives rise directly to an ascus, it 
is of the highest importance to know how the ascocarps originate. 
Until this is settled it is difficult to judge with any certainty of the 
significance of Maire's observations. It is to be hoped that in the near 
future we may have a full account of the nuclear phenomena in the 
development of the ascocarp of some parthenogenetic or apogamous 
form. Unfortunately, the forms which have so far been reported as 
developing their ascocarps in some other way than from a sexual appa- 
ratus have not shown themselves favorable for the investigation of 
nuclear phenomena. 
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RELATIONS OF ASCOMYCETES AND BASIDIOMYCETES. 

^/ Maire's (62) discovery of regularly binucleated cells in the carpo- 

/ phore of the Basidiomycetes, confirmed by myself (40a) and others, has 

firmly established the conception of a phylogenetic relationship between 

this group and the rusts. The inferences drawn by older authorities 

from the r esemblance of the promj^cel^ium of t^ 

JttLAuriculanalire thus confirmed. Maire accepts the conception of an 
alternation of generations in the Basidiomycetes and holds that the 
union of nuclei in the basidium involves the reduction process found 
in the spore-mother-cell stage of the higher plants, thus rejecting spe- 
cifically Dangeard's conception of the basidium as an oogonium. 

There can be no question, in view of the general agreement of 
other authors (15, 8, 46, 40a), that Maire, like Sappin, TrouflFy, and 
Dangeard, has been misled as to the number of chromosomes in the 
rusts, the Ascomycetes, and the Basidiomycetes by faulty methods of 
fixation which have caused the chromosomes to stick together in clumps. 
Guilliermond (31, 33) finds the number of chromosomes in the divisions 
in the ascus to be 8 in Aleuria cerea, 12 in Peziza cortinus, 16 in Pesisa 
rutilans, and 8 in Peziza vesiculosa, I have found 8 chromosomes in 
the asci of Ascobolus furfuraceus and Peziza stevensoniana (35), 8 in 
the asci of Erysiphe communis (40), 10 in Pyronema conRuens (40), 
and 8 in Phyllactinia. In the face of these facts it is difficult to see how 
Maire and Dangeard can maintain that there are probably 4 chromo- 
somes in all Ascomycetes. Dangeard originally concluded there were 
8 chromosomes in the conidia of Sphaerotheca castagnei, but has now 
changed his estimate to 4, in harmony with Maire. It is plain that no 
such simple conditions exist as Maire imagines when he contends for 
the universal occurrence of 2 chromosomes in the rusts, 4 in the Basidi- 
omycetes, and 4 in the Ascomycetes. Maire has apparently seen more 
or less vaguely the true chromosomes in the prophases, but here he was 
not able to make out any constancy in the number. 

Maire (62) holds that the stage corresponding to a true fertiliza- 
tion is that at which the binucleated condition arises in the hyphal cells. 
He was not, however, able to determine with certainty the method of 
origin of the binucleated condition, nor to demonstrate the existence of 
simultaneous or conjugate nuclear division, so that he leaves the initial 
point of the sporophyte generation — the formation of a fertilized tg^ — 
H still uncertain for the Basidiomycetes. Miss Nichols's (71) researches 
\ show that the binucleated condition is present in the mycelium of several 
I forms and apparently does not originate at any constant stage nor in 
lany specially differentiated structures in the life cycle of the fungus. 
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It is especially of interest that Miss Nichols finds binucleated cells regu- 

hrly present in the rhizomorphs of a large number of widely separated 

genera. 

The observations of Miss Nichols and those of Blackman and 

Christman do not make it any easier to assume a phylogenetic relation- 
ship between Ascomycetes and Basidiomycetes. It is highly probable! 
that such resemblances as exist between the ascocarp and the carpophore! 
are due to the duplication of unrelated forms under similar developJ 
mental conditions, which occurs at many other points in the plant kingJ 
dom. While a conjugation of gametes is present in the aecidium, it is] 
still plain, from the existence of the now functionless spermatia, that] 
the present sexual fusions are highly modified processes which have 
return ed in the character of the gamete to^ogmething like a zygosporjc, 
^pe from wha t Qgg^§15*^^^^^^9^^^ in^thod^Qf 

reproduction. There is no evidence of any such modification in the \ 
sexual apparatus of the Ascomycetes, and in them also there is at most | 
only the beginning of the long series of regularly binucleated cells which 
characterize the rusts and Basidiomycetes. Still, the fusion in the/ 
basidium may have had an origin similar to that suggested above fori 
the fusion in the ascus, and, combined with conjugate division, may ^ 

gradually have led t o thg a p 9 gamo us^ndjtion ^^^jfj], jt fff;ffg]^i;^baM?j ^C^^ 
is found i n the Basidiomycetes. The rusts on this hypothesis represent 
a: condition when conjugate division has worked back, in the life history 
of the sporophyte, to the stage of fusion of the gametes, thus replacing 
the nuclear fusion in the egg which must probably be assumed to have 
occurred in some more primitive type from which the rusts have devel- 
oped. If this more primitive type was, as Blackman believes, one of 
the red algae, we must probably consider that two diverging series of 
fungi, the Ascomycetes and the Basidiomycetes, had their origins in 
this group. 

As has been many times noted, one of th e commonest grounds for 
the assumption of a relatiQiis hip between A scbniycetes^nd Basidio- 
mycetes and the relationship of these jjcmp&JoltEelFrondeael^ the 
g enerally sugg ested physio logical parallelism between ascocargjs, carpo^ 
pHores, an d cystoc'arp's ' witE"ea^li btlief^^^ of 

the liverwort and, moss. A functional resemblance between the struc- 
tures In question is apparent, and Wolf (99) has described a reduction 
of the number of chromosomes in connection with the formation of the 
carpospores in Nemalion. The evidence, however, on which he bases 
his conclusion is not very convincing. Such comparisons also still 
leave the nature of the tetraspores and the occurrence of specialized 
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tetrasporic as distinct from sexual plants unexplained, and their validity 
is to be settled by the determination of the chromosome number in each 
case. Mottier's (67) discovery that the number of chromosomes in the 
irst division in the tetrasporange of Dictyota is 16, which is about half 
:hat found in the vegetative cells of the plant which bears the tetra- 
"^^ sporanges, and the evidence brought by Williams (98) that , the tetra- 
jpores of Pictyota develops into sexual plants, while jthe eggs develop 
into tetrasg9ric^lants, lead us to the conception of quite a different set 
)f possible homologies, as will be further noted below. 

Betterjevidence ipr,a relationship betwefitt'the^xe^. algae and Asco- 
mycetesi§ Jound in the method of fert ilization by a trichogyne as found 
in the lichens, Laboulbeniaceae and Pyronema, and in the fact that in 
both groups the fertilizedeggthrough its further development remains 
in organic continuity with the plant which bore it, instead of being set 
free to begin an independent existence. It was on this ground that 
De Bary proposed the conception of the carpogonium to include the 
female cell of both the Ascomycetes and the red algae. 

Davis (22), in a critical review of the relationships of the higher 

I fungi and algae, while admitting the force of the evidence in favor of a 

\ derivation of the Ascomycetes from the red algae through the Laboul- 

\beniaceae, is inclined to the assumption of a relationship between the 

I lower Ascomycetes and the Phycomycetes and to the belief that the 

jAscomycetes may be a polyphyletic group. Blackman is of the opinion 

{that such a vegetative fertilization as he finds may also be present in the 

I higher Basidiomycetes and presumably also in those rusts which seem 

\to lack an aecidium. Further studies in the rusts in the light of Black- 

jman's and Christman's discoveries may be expected to clear up many 

I difficult points as to relationships among the higher fungi and algae. It 

|is interesting to note that Sappin-Trouffy concluded (84) that in some 

leases the binucleated condition appears first in the teleutospore sorus. 

Blackman does not believe that Coleosporium sonchi-arvensis, as 
described by Holden and Harper (46) really lacks a true aecidial stage. 
The form is a very common and familiar one which I have collected 
for many years without being able to find any suggestion of an associ- 
ation with an aecidial stage on a conifer, where one would naturally 
expect it to occur. It is my opinion that this is a form with reduced 
life cycle, but I do not hold that this opinion is of any final value in the 
absence of proper culture experiments on our American forms. Still, 
it is hardly to be doubted that such types do exist, and it would make 
no difference with the conclusions suggested whether the binucleated 
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condition arises in the sporidium or later in the growth of the mycelium. 
Still, no claim for completeness was made, since we did not germinate 
the sporidia nor determine the nature of the early stages of the myceliimi 
which arises from them. As to the question of a name for the fungus, 
in the absence of definite evidence it is, in my opinion, poor policy to 
reject this commonly used name (24) until by culture experiments posi- 
tive proof of its identity and relationships has been attained. The main 
conclusions reached in the paper in question were that much more differ- 
entiated and normal division figures were present in the rusts than had 
up to that time been described, and especially that the then current 
conceptions as to the number of chromosomes in the nuclei of the rusts 
were entirely wrong. In both of these points Blackman's results con- 
firm our own. 

If, further, as Blackman believes, the rusts may have arisen from 
— :H the Florideae, it is probable that, at a time when the spermatia were the 
functional male cells, there was a fusion of nuclei immediately in the 
fertilized cell. If, at this stage in the development of the group, a 
sporophyte generation leading to the formation of such spore mother 
cells as the basidium were in existence, it is not improbable that two 
nuclear fusions may have been included in such a life cycle. On the 
/ other hand, from this standpoint alone the opposite conception that the 
various spore forms of the rust arose gradually in connection with a 
progressive deferring of the fusion of the nuclei of the gametes seems 
also plausible. There are, however, other facts to be taken into con- 
sideration. 

AWERNATION OI' GENERATIONS IN THE HIGHER FUNGI. 

It seems entirely clear, from our knowledge of the significance of 
the chromosome number in nuclear division, in sexual reproduction, 
and in the alternation of generations in the higher plants, that the deter- 
mination of the number of the chromosomes at the important stages 
in the life cycles of the higher fungi will indicate definitely the true 
nature of the difficult phenomena we are considering, and there is no 
doubt that the problem is soluble along these lines. We have abundant 
evidence that in the asci the chromosomes are very sharply differentiated 
structures, which can be counted with certainty. It is certain that, as 
shown above, the nuclear fusion in the ascus does not alter the apparent 
number of the chromosomes found in the fusion nucleus and its off- 
spring as compared with the individual nuclei which combined. The 
fusion of the nuclei involves the union of the chromosomes presumably 
in pairs, and thus, through synapsis and the triple division which follows, 
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a reduction of the number of chromosomes is effected. The discov- 
eries of Blackman, and even more convincingly those of Christman, by 
proving that the binucleated cells of the rusts originate in an unques- 
tionable fertilization, have put the existence of an alternation of genera- 
tions in these forms beyond question. It is to be noted also what posi- 
tive support the conditions in the rust g^ve to the doctrine of the inde- 
pendent persistence of the prochromosomes throughout the sporophyte 
generation, which was beginning to be inferred from the phenomena in 
the higher animals and plants. When the nuclei of the gametes persist 
as independent structures up to the time of chromosome reduction in 
the spore mother cell, there can be no question of the independent per- 
sistence of the individual chromosomes from the two gametes. This 
condition also enables us to establish beyond reasonable doubt the 
existence of a stage in the life cycle with cells containing the double 
chromosome number without an actual counting of the chromosomes. 
It is, of course, highly desirable that the number of chromosomes in 
the division in the teleutospore and elsewhere be established by actual 
counting, but there can be no question, even without this further evi- 
dence, that the main conclusions of these authors are fully justified. 
I The binucleated cells of the rust represent a stage with double chromo- 
Isome number arising in a process of fertilization and closing with a 
reduction of the chromosome number. A parallel with the alternation 
of generations in the higher plants is thus fully established. 

If it could be further shown that while the antheridia and oogonia 
unite and the male nucleus comes to lie in the egg beside the female 
nucleus they still do not fuse, but maintain their independent existence 
through the development of the ascogonium and ascogenous hyphae, 
finally combining in the ascus, we should have in the mildews and Pyro- 
nema an apparent parallel to the nuclear phenomena in the rust. Since, 
however, the cells of the ascogonium in the mildews are uninucleated 
and there is no evidence of any provision for maintaining separate 
and parallel series of nuclei, such as are present in the rusts, it is plain 
that even if we did not have a fusion of nuclei in the oogoniimi we 
could assume no close parallelism between the mildews and rusts on 
this basis. If we should assume also that in Pyronema the male and 
female nuclei only become mingled but do not fuse in the oogonium, 
there would seem to be equally little chance for maintaining any distinct 
lines of nuclear descent in the multinucleated cells of the ascogenous 
hyphae until at the very close of their development, when simultaneous 
nuclear division occurs and provision is thuy made that the nuclei of 
the ascus shall at least not be sister nuclei. This single simultaneous 
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division of nuclei can, however, at the most be regarded as no more 
than a mere beginning as compared with the indefinite series of conju- 
gate divisions occurring in the rusts. 

As compared with the rusts, then, we have in the mildews and/ 
Pjrronema no series of binucleated cells formed by conjugate division! ^-—» 
and we do find positive evidence that the sexual nuclei fuse in thd 
oogonium. Still, I am convinced that in the Ascomycetes as well as 
in the rusts we have a true alternation of generations. The explana- 
tion of these differences, combined with so much of general similarity 
between Ascomycetes and Basidiomycetes, is given in a further point 
of difference between the two groups. 

In the teleutospore of the rust^^ and in the basidiurn, jis Bl ackm an 
believes, we have a synapsi s sta^ie^ioUowidLEv ,g. doubie divi^iSJ^[33 
nucleus^leadin^ >sp?r.^^. The parallelism r 

between the teleutospore and spore mother cells of the higher plantsj 
is thus complete, and it is justifiable to assume that the first and Seconal > _ 
divisions in the promycelia and basidia are respectively heterotypic andf^* 
homoeotypic divisions. On the other hand, in the ascus following the 
very conspicuous synapsis described above, we have a triple division 
of the primary nucleus of the ascus leading to the formation of eight 
ascospore nuclei and typically to the formation of eight spores. The 
synapsis stage suggests that chromosome reduction occurs in the ascus ; 
but in view of the absolutely universal occurrence of only two divisions 
associated with chromosome reduction elsewhere in both plant and 
animal kingdoms, this triple division in the ascus must be regarded as 
a most aberrant occurrence, and has led to very great hesitancy on my 
part in my earlier investigations in assimiing the possibility of an alter- 
nation of generations in the Ascomycetes comparable to that in the 
higher plants. With the discovery in Phyllactinia that the chromo- 
somes are not only permanent structures of the cell, but that they each 
have permanent and distinct connection with the central body through 
the resting condition of the nuclei as well as through the processes of 
both nuclear fusion and division, combined with the evidence which has 
been accumulating so rapidly from all sources that, even when appar- 
ently not connected with the centers, the chromosomes still maintain 
their identity in all nuclei, both of animals and plants, it becomes evident 
that the triple division, in connection with chromosome reduction in the 
ascus, as compared with a double division everywhere else among plants 
and animals, becomes a fact of still more fundamental importance. 
There is general agreement at present that the chromosomes of the 
spore mother cells are bivalent structures and that both heterotypic and 
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homoeotypic divisions are necessary to reduce them to the condition 
found in ordinary somatic cells. The three divisions of the nucleus 
of the ascus following each other in rapid succession, just as do the 
heterotypic and homoeotypic divisions, suggest at once that the organ- 
ization of the chromosomes in this case must differ from that in the 
ordinary spore mother cell. The most natural assumption would seem 
to be that the chromosomes are quadrivalent in the nucleus of the ascus 
rather than bivalent, as in ordinary spore mother cells, and that in two 
of the divisions in the ascus chromosomes are separated instead of in 
one division, as in the ordinary case. Direct evidence as to whether 
the reductions occur in the first and second or in the second and third 
divisions is very difiicult to obtain. I have not as yet been able to recog- 
nize in the figures in the ascus the ordinary distinctions between hetero- 
typic and homoeotypic divisions. 

In any case, however, the triple division certainly suggests that 
two reductions may be necessary to bring the chromosomes of each 
nucleus back to the ordinary number, and this implies that each of the 
eight chromosomes, as they emerge from synapsis, represents four 
somatic chromosomes. 

If from this standpoint we seek an explanation of such a pecul- 
iarity in the chromosomes of the primary nucleus of the ascus, we are 
led at once to the suggestion that they must have arisen by a double 
nuclear fusion, such as actually occurs in the oogonitmi and in the ascus, 
as I have described. We see thus that the assumption that the ascus, 
with its triple division, is a spore mother cell, representing the stage at 
which chromosome reduction occurs at the close of a sporophytic gen- 
eration, leads naturally to the expectation of two nuclear fusions in the 
development of the ascocarp. The universality with which the triple 
division occurs in all asci so far studied is sufficient proof of its funda- 
mental and primitive nature and that it occurs in a spore mother cell 
following an apparent numerical reduction of the chromosomes, and a 
synapsis stage is in perfect harmony with the assumption that it is neces- 
sary for the true reduction of the chromosome number. 

The triple division of the primary nucleus of the ascus is a univer- 
sally present characteristic of all the higher Ascomycetes. It occurs, 
none the less, whether eight or a smaller number of ascospores are to 
be formed, and that it is a process of fundamental importance is thus 
most strikingly shown, since it necessitates, as we have seen, the destruc- 
tion by disintegration of six of the eight nuclei formed in such cases as 
Phyllactinia, in which but two spores are produced in each ascus. It 
is evident in such cases that the three divisions form together a single 




ALTERNATION OF GENERATIONS. 83 

process, and that they all are necessary for its accomplishment. If, for 
example, the t wo first diyisJQgg^SlQP^ were necessary to accomplish tl 
fedtt ction o ^ Ae^ chromosomes, we must suppose. Jjiattbfi-lhiridm 
would readily disappear when only four or fewer spores were to ] 
lofmed. 'the lact tfiat all three divisions persist shows their necessity] 
ToFthe process of reduction. 

We are confronted here with cases parallel to those in the higher 
plants, where fewer than four macrospores are to grow and become 
functional. In such cases we find a strong tendency to the persist- 
ence of double division as such, the supernumerary macrospores 
becoming abortive and being absorbed. The persistence of the triple 
division in the ascus thus suggests in itself that the primary nucleus 
of the ascus contains proportionally more chromosomes than the ordi- 
nary spore mother cell in other sporophytes, and we are thus led to 
expect, what we actually find, the two nuclear fusions in the develop- 
ment of the ascocarp. 

Further, on analogy with the spore mother cells in the higher plants, 
we must conclude that the apparent ntunber of chromosomes appearing 
in the divisions immediately succeeding synapsis represents the normal 
somatic number, which in the case of Phyllactinia would thus be eight. 
I have above pointed out the difficulties involved in counting the numt)er 
of chromosomes in the ordinary vegetative divisions in the mildews. 
/jThe best one can say at present is that the appearances are not against # /^ 
lie assumption that there are eight chromosomes on each half of the / 
spindle in such a figure as is shown in fig. 23. 

It is quite certain that^ hfire arft right jOX jnorg cjbrpiijajin_sjtrands_ ^ 
representing chromosomes in the nuclei which^fuse^in thfs^a^^cus^ The 
process of nuclear TustofrnrffieTise^of nuclei whose chromosomes are 
permanently attached to the centers, as I have found them in the mil- 
dews, leads naturally to their approximation side by side in pairs, and 
it seems probable that the fusion of the male and female nuclei in the 
oogonium, in which the same attachment between centers and chromo- 
somes exists, would have the same result. The male and female chro- 
mosomes would thus be brought together in pairs. If, as in the case 
of other sexual fusions, the chromosomes brought together in fertiliza- 
tion still maintain their identity till the stage of reduction at the close 
of the sporophyte generation, we must conclude that the eight chro- 
matin strands found in the nuclei of the ascus just before their fusion 
are really double, and that in the fusion in the ascus these double chro- 
mosomes, becoming approximated in pairs and passing through S3map- 
sis, become quadrivalent chromosomes in the primary nucleus of the 



84 SEXUAL REPRODUCTION IN CERTAIN MILDEWS. 

ascus. These would then be in turn distributed in the triple division 
which follows. The apparent number of chromosomes in each nucleus 
throughout the life of the mildew would then be 8. The real number 
in the nuclei in the ascogonium and ascogenous hyphae would be i6, 
and in the primary nucleus of the ascus 32, as the size of these nuclei 
indicates. 

It is a matter of great importance to determine, in the nuclear 
divisions immediately following fertilization, whether, as would be 
Expected by analogy with the higher plants, the 16 chromosomes may 
not be made out as distinct units. It seems probable, however, judging 
from the nature of the process as seen in the fusion in the ascus, that 
the union of nuclei with an organization such as is found in Phyllac- 
tinia must always result in an immediate apparent reduction of the 
chromosome number, though an actual reduction is only effected here, 
as in the higher plants, by a process of synapsis, with its succeeding 
reduction divisions. These latter considerations, of course, have only a 
hypothetical value in the absence of an exact determination of the num- 
ber of chromosomes in the cases involved, and it is important that the 
number of chromosomes appearing in the first and the succeeding divi- 
sions of the egg-nucleus should be determined. I have been unable so far 
to find figures of this division which permit of counting the number of 
chromosomes with certainty. The division figures in the young ascogo- 
nium seem especially hard to find and are very liable to show the chro- 
mosomes so closely bunched together that it is difficult to make out their 
number. 

I have observed in a number of ascogonia, after fertilization in the 
early stages of their growth, a small nucleus, one-third or less the diam- 
eter of the ordinary nuclei, whose fate I have been unable to determine. 
It is possible that the first division in the oogonium gives rise to a super- 
numerary nucleus, such as Klebahn has described as being formed in 
the germination of the zygospore of Closterium. It is, of course, also 
of great importance to trace out in detail the behavior of the central 
bodies here, both in the sexual fusion and the divisions which immedi- 
ately follow, and I hope, either in the case of Phyllactinia or other 
favorable material, to be able to throw further light on these questions. 
At present we can conclude, from the number of chromosomes in the 
division following synapsis in the ascus, that the somatic number is 8, 
and, further, that at least 8 presumably bivalent chromosomes are pres- 
ent in each of the nuclei which fuse in the ascus. 

If we attach the significance which I have indicated above to the 
riple nuclear division in the ascus, and if we further assume that the 
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nuclear fusion in the ascus had at first no sexual significance, but arose ^ y^x^ 
in connection with a process of inhibited cell and nuclear division inci- J dH^ 
dent to the relatively excessive nutrition supplied to the ascus, the r^^ ' 
tions of the young ascus, teleutospor e, and basidium become at onc e [ 
intelligibl e. They' are all to be interpreted morphologically as spore^ 
mother cells. In the ascus the triple division of the nucleus is necessi-i 
tated by the fact of the two nuclear fusions from which it has arisen.! 
But in the teleutospore and basidium, since the process of conjugatel 
division has worked back, as described above, from its origin at thel 
close of the sporophyte generation to the fertilization with which it I 
began, and one nuclear fusion has thus disappeared, we find the normal I 
double division which occurs elsewhere in spore mother cells. The ' 
disappearance of a nuclear fusion in the egg would thus be correlated 
with the disappearance of a third division in the spore mother cell. 
The conditions in the rusts and the conditions in the mildews and 
Pyronema thus represent two stages in the evolution of a sporophyte in 
the higher fungi, of which that shown in the ascocarp is the more primi- 
tive. There is, however, as I have pointed out above, no sufficient! 
evidence in this to lead us to infer that Ascomycetes and Basidiomycetes j 
must be forced into the same phylogenetic series. / 

If it is true that the rusts have arisen from the red algae and the 
fusion in the teleutospore is to be interpreted as I have suggested, we 
must probably assume, as noted above, that in some of their ancestral 
forms two nuclear fusions are present in the life cycle. In their present 
condition it is plain that they are much changed from the red algae. 
|We have nothing in the red algae which can be directly compared toj 
/such series of carpogonia, each with its special trichogyne and forming j 
la single row of spores, as Blackman assumes to represent a stage ( 
just preceding the present condition of the aecidium. Blackman has 
) certainly strengthened the evidence that the spermatia are sexual cells, 
V^andUiiatJh^^ a trichogyne-like organ. 

This conclusion, however, leads us to assume some still more primitive 
condition than the sorus of carpogonia which he conceives. We musti 
believe that at some period the aecidium was more like a cystocarp andv 
that a single trichogyne sufficed for the fertilization of the entire struc- I ^ 
ture, whether by ooblastema filaments, as in many of the red algae j 
to-day, or by the development of a common procarpic hjqpha from 
which, when fertilized, the entire spore mass of the aecidium arose in a 
fashion analogous to the method of origin of an apothecium of Collema. 
The discovery by Richards (80) of what is apparently a carpogonial 
branch in the young aecidium cup of Uromyces caladii and other forms 
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gives US a possible connecting link between the cystocarp and the caeoma 
type of aecidium. It may be that in the cup-shaped secidia branches 

) bearing gametes arise from a true carpogonium, while in indeterminate 
aecidia of the caeoma type this carpogonial branch has disappeared. 
If the evidence advanced by Mottier and Williams that a reduction 
division occurs in the development of the tetrasporange be confirmed, 

I it is plain that the homologue of the ascus and teleutospore, and of the 
basidium as well, is in the tetrasporange and not in the carpospore, as 
many have been inclined to assume. The carpospores must be inter- 
preted as conidia intercalated in the life cycle of the sporophyte, just 
as are the aecidiospores and uredospores in the sporophyte of the rust 
In this case a close relationship may be assumed between the aecidium 
and the cystocarp, each being an asexual stage appearing early in the 
life history of the sporophyte and having no analogous stage in the 
sporophyte of the moss or fern. The ascus, on the other han d, would 
b. corres pond to t he tetrasporang e, and tJiere would be no stage in the 
Ascomycetes to correspond to the carpospores of the red algae. We 
should thus be relieved of the difficulty of assuming relationship between 
the carpospores produced as buds or chains of cells and the ascospores 
formed internally by free cell formation. If the tetrasporange is the 
progenitor of the ascus we must assume that free cell formation, with 
an abundance of epiplasm, has been developed in the latter for the dis- 
semination of the spores and as an adaptation to a terrestrial habit, and 
that the basidium and teleutospore may have arisen from the tetraspo- 
range in a similar and parallel series of developmental forms. 

At what stage in the evolution of the Ascomycetes from the red 
algae the nuclear fusions in the ascus originated is not apparent from any 
facts yet available. It may be found that some of the simpler Asco- 
mycetes, whose asci are reported as regularly producing only four spores 
the triple division has been replaced by the ordinary double division of 
spore mother cells. In that case it may be expected that the fusion of 
nuclei in the ascus will also be lacking. It is quite possible, however, 
that this stage is not represented by any forms at present known. 

The conceptions thus developed form a consistent and harmonious 
account of the development of the ascocarp and bring the main facts 
as to its nature and origin into line with what has been learned in other 
groups as to the nature of the processes of fertilization, chromosome 
reduction, the permanence of the chromosomes and the central bodies 
as cell structures, and the nature of the alternation of generations. 
In these theoretical considerations I have aimed, of course, to do no 
more than endeavor to correlate the facts as we know them to-day, and 
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thus attempt to systematize our very fragmentary knowledge of the 
higher thallophytes ; and I am very far from believing that such specu- 
lations will be so fortunate as to achieve a confirmation in all respects. 
Such observations as Blackman's and Christman's on the aecidium and 
Mottier's on the tetrasporange are sufficient to indicate how far from 
complete our knowledge is, even on some of the most commonly studied 
structures and processes in these plants. My conceptions as to alterna- 
tion of generations in the higher fungi may be briefly stated as follows : 
In the rusts we have sexual reproduction by vegetative fertiliza- 
tion. The fusing cells are perhaps morphologically vegetative offshoots 
of an ^g-ceU. Alternation of generations is present and the sporo- 
phyte generation is modified by the development of conjugate nuclear 
division through its whole cycle, resulting in a failure of the sexual pro- 
nuclei to fuse at the time of fertilization. Conjugate division may have 
arisen here, as it is perhaps beginning in Pyronema, immediately prior 
to a nuclear fusion in the spore-mother cell, and have worked backward 
through the sporophyte, thus tending to give more and more of a func- 
tional and sexual significance to the fusion in the spore mother cell, 
until, finally reaching the fertilized egg, the fusion of the pronuclei 
disappeared. 

In the Basidiomyctes by apogamy sexual cell fusion may have dis- 
appeared or we may have vegetative fertilization. The sporophyte cells 
arise as ordinary hyphal cells which become binucleated, and conjugate 
nuclear division extends through the entire sporophyte generation. 

In the Ascomycetes we have sexual reproduction and alternation 
of generations, modified by the adaptation of the spore mother cell as 
an explosive organ for the dissemination of the spores and as a storage 
reservoir for the production of resting spores with a large supply of 
metaplasmic reserve products. The development of the relatively 
gigantic size of the ascus led, on the principle of the nucleo-C3rtoplasmic 
\ relation, to the increase of its nuclear content by inhibition of cell 
\ division and to the fusion of sporophyte nuclei ; and this in turn neces- 
sitated a triple instead of a double division in the reduction of the 
{chromosome number. 

Madison^ Wisconsin, April, 1905. 
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92 EXPLANATION OF FIGURES IN PLATES. 

[All figures were drawn with the Abbe camera lucida and, with the exception of 
fig. 30. with the Zeiss apochromatic objective, 2 mm. n. ap. 1.40; figs, i, 3-1 1, 25, 
44-47, SS-61, 65-78 with compens. oc 8 ; figs. 2, 12-20, 22, 51 with oc o ; figs. 21, 26-29 
with oc. 4; figs. 23, 24, so, 52-54, 59, 62-64, 79 with oc 12; figs. 31-42, 48, 49 with 
oc 18; fig. 30 obj. 8 mm. oc 8.] 

PtATE I. — Phyli^ctinia corylea. 

Fig. I. — Male and female branches ; the gametes not yet cut off by septa. 

Fig. 2. — Same, showing hyphal cell, from which the oogonium arises, most of 
the oogonial branch cut away. 

Fig. 3.— The oogonial branch coiled around the antheridial branch; the latter 
septate at the level at which it is constricted by the oogonial branch. 

Fig. 4. — ^The nucleus of the male branch has divided to form the antheridial 
and stalk-cell nuclei. 

Fig. 5.— The antheridium has been cut oflF from the stalk-cell and lies above 
and to one side of the apex of the oogonium. 

Fig. 6.— Slightly older than stage of fig. 5. Antheridium and stalk partly behind 
the oogonium. 

FtG. 7. — Antheridium and oogonium just before conjugation, the former behind 
the apex of the latter. 

Fic 8. — Stage of conjugation. The section lies in the plane of contact of the 
antheridium and the apex of the oogonium. The conjugation-pore is present and 
appears as a circular opening through the walls of the gametes. The male nucleus 
is in contact with the larger egg nucleus. 

Fig. 9.— ^tage of conjugation a little later than fig. 8. The section cuts the 
plane of contact of the gametes at right angles. The conjugation-pore is open, 
and through it the protoplasts of the gametes form a continuous mass of cyto- 
plasm; a large vacuole in the antheridium just outside the conjugation-pore. The 
pronuclei are in contact; the male nucleus larger than in fig. 8, but still smaller 
than the egg-nucleus. 

Fig. 10. — Oogonium with single large fusion nucleus. Cytoplasm of anther- 
idium still spongy but containing some granules. 

Fig. II. — Oogonium still uninucleated. Wall of antheridium beginning to swell 

FlG. 12. — Oogonium still uninucleated. Wall of antheridium swollen and show- 
ing strong affinity for orange stain. Early stage of perithecial walls. 

Fig. 13. — Egg-nucleus has divided. 

Fig. 14. — ^Ascogonium binucleated. Stalk-cell of antheridium has grown out 
into a hyphal branch, which curves over the antheridium and is a part of the 
perithecial wall. 

Fig. 15 a, b, — ^Two sections of the young ascocarp. Antheridium with thick wall 
and dense content 

FlG. 16. — Slightly older ; perithecial wall becoming two-layered. 

Fig. 17 a, b. — ^Young ascocarp in two sections; uninucleated cell cut off from 
the end of multinucleated ascogonium; perithecial hypha is shown arising from 
stalk of antheridium. 

Fia iSa,b. — Somewhat older; end cell of ascogonium separated from the 
antheridium by crowding in of the perithecial hyphx. 

Fig. 19. — ^Ascogonium with three cells, the next to the last binucleated, the 
others uninucleated. The whole ascocarp is perhaps dwarfed in this case 
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Plats IL — Phyixactinia ccwYutA. 

Pig 20 a, b, — ^Ascogonium with four cells ; the apical cell uninucleated and nar- 
rowed above by pressure of surrounding hyphae. Penultimate cell binudeated, 
nucleus of basal cell in next section. 

Fig. 31 a, 6.— Ascogonium four-celled ; basal cell with two nuclei. 

Fig. 23. — ^Ascogonium with five cells; penultimate cell budding out in asco- 
genous hyphae ; nuclei of second and third cells in another section. 

FtG. 33. — Perithecial cells with resting nuclei and a metaphase stage of nuclear 
division ; nucleolus near one pole of spindle. 

FlG. 34. — ^Resting nucleus from mycelial hypha with central body connected with 
chromatin. 

FtG. 35 a, 2?.— -Ascogonium with five cells ; penultimate cell budding out in asco- 
genous hyphae ; apical cell still connected to thick-walled antheridium. 

Fig. 36. — Median section of older ascocarp, showing sections of ascogenous 
hyphae, antheridium, etc.; peripheral cells swollen, in some cases in preparation 
for pushing out as hyphal branches. 

Fig. 37.— 'Median section of still older ascocarp, showing portion of ascogonium 
and sections of multinucleated ascogenous hyphae. 

FtG. 38. — Section showing cells of ascogonium and ascogenous hyphae at stage 
when latter become septate. 

Fig. 29 a, b. — Sections showing the pushing out of the cells of the ascogenous 
hyphae to form the young asd. 

Fig. 30.— Median section of ascocarp just after fusion of nudei in the young 
asd; two or more layers of cells around the asd, with dense content and thin 
walls ; peripheral cells on upper surface of ascocarp swelling out to form penicil- 
late cdls. 
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Plate III. — Phyixactinia coRYueA. 

Fig. 31. — Young ascus with two nuclei; central bodies facing each other. 

Fig. 32. — Slightly older ascus ; chromatin strands more conspicuous. 

Fig. 33. — ^Just before nuclear fusion in ascus. Lower nucleus lies above and 
partially overlapping the other. 

Fig. 34. — -Section of ascus with slice of one nucleus showing three chromatin 
strands and sections of others. 

Fig. 35. — Early stage in fusion of nuclei; central body of upper nucleus has 
pushed ahead on the membrane of the lower nucleus, its chromatin system drawn 
out in long cone. 

Fig. 36.— -Stage of fusion. Central bodies and chromatin of two nuclei side by 
side, but independent; nucleoli already combined in one. 

Fig. 37. — Chromatin systems overlapping, but distinct Nucleoli in contact 

Fig. 38. — Stage just before the central bodies combine; nucleoli in this case 
still separate. 

Fia 39.^*The central bodies are joined side by side. Chromatin systems com- 
bining. 

Fig. 40. — Central bodies and chromatin systems completely combined. Nucleoli 
still separate. 

Fig. 41. — Shows entire ascus ; stage about the same as in fig. 40. 

Fig. 42. — Fusion of nuclei complete. 
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Plate IV.— Phyllactinia corylsa. 

Fig. 43. — ^Early stage in synapsis. 

Fig. 44.-^ynapsis ; ends of chromatin strands protruding from contracted mass. 
Fig. 45. — Late synapsis stage stained to specially differentiate the central body. 
Fig. 46. — ^Loosening up of chromatin after synapsis. 
Fig. 47. — Early spirem stage. 

Fig. 48. — Culmination of spirem stage; eight distinct chromatin strands corre- 
sponding to eight chromosomes of later stages. 
Fig. 49.— Same stage; strands spreading from center without forming cone. 
Fig. 50. — ^Young penicillate cell. Three nuclei showing central bodies. 
Fig. 51. — ^Full-grown penicillate cell. 

Fig. 52. — ^Transverse section of ascus, showing prophase in formation of spindle. 
Fig. S3. — Primary nucleus of ascus ; equatorial-plate stage, eight chromosomes. 
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Plate V.— Phyllactinia 00RYi.eA. 

Fig. 54. — Primary nucleus of ascus, early metaphase. 

Fig. 55. — Anaphase, eight chromosomes on each half of the spindle. Polar 
aster strongly developed. 

Fig. 56.— Late anaphase. 

Fig. 57. — Diaster; chromosomes still attached to pole by spindle fibers. 

Fig. 58. — ^Reconstruction of daughter nuclei; chromosomes elongating and 
becoming irregular strands of chromatin. 

Fig. 59. — ^Later stage; strands of chromatin forming irregular cone extending 
from central body into antipolar region of nucleus. 
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Pirate VI.— Phyllactinia corylea. 

Fig. 6o. — Chromatin strands more irregular and passing over into s^parent 
reticulum by formation of anastomoses. 

Fig. 6i. — Still later, chromatin still more irregular and practically in the resting 
condition. 

Fig. 62. — ^Transverse section of ascus ; nucleus in spirem of second division. 

Fig. 63 a, b. — Later prophase of second division ; chromosomes appearing in two 
sections. 

Fig. 64. — Still later prophase, second division. 

Fig. 65. — Equatorial-plate stage ; second division ; one spindle lying in plane of 
section, the other cut through obliquely ; eight chromosomes. 

Fig. 66. — ^Late anaphase stages, second division; eight chromosomes on each 
half of each spindle. 

Fig. 67 a. — ^Equatorial-plate stages, third division; nuclei in end of ascus; one 
polar and one side view of the spindle figures. 

Fig. 67 b. — ^Larger nuclear figure from same ascus, which will form functional 
nuclei ; nuclear membrane still intact. 

Fig. 68. — ^Anaphase stages of third division ; eight chromosomes on each spindle- 
half. 
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